8 Multiband Imaging Photometer for SIRTF (MIPS)
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8.1 MIPS Instrument Description

8.1.1 Overview

8.1.1.1 WHAT IS MIPS?

The Multi band Imaging Photometer for SIRTF (MIPS) provides the Space Infrared Telescope Facili ty
with cagpabiliti es for imaging and phdometry in broad spedra bands centered naminally at 24, 70,
and 160um, and for low-resolution spedroscopy between 52and 99um. The instrument contains 3
separate detector arrays each of which resolves the telescope Airy disk with pixels of size A/2D or
small er. The two shorter wavelength bands provide roughly 5 arcminute square fields of view (FOV);
the 160 um array projects to the equivaent of a 0.5 by 5 arcmin FOV and fills in an image by
multiple exposures. The 70 um array has a narrow FOV/higher magnification mode, and is also used
in a spedroscopic mode.

MIPS will advance owr knowledge of the far-IR universe by providing the aility to make
measurements of unprecedented sensitivity and spatial resolution. Although the design of MIPSwas
optimized aroundthe four defining science themes for SIRTF, its capabiliti es were dso establi shed
from avery genera perspedive andit shoud be well suited to abroad variety of investigations.

8.1.1.2 TECHNICAL OVERVIEW

MIPS employs three distinct array detedors (128 Si:As BIB; 32 Ge:Ga; 2x20 stressd Ge:Ga) to
provide high-sensitivity, low-noise, diffractionlimited performance from roughly 20um to 18Qum.
The short-wavelength Si: As array is combined with a permanent filter to give abandpassfrom 20.8to
26.1um with an effedive wavelength of 23.8um. The Ge:Ga aray is combined with afilter to give a
bandpaessfrom 61 to 80um with an effedive wavelength of 72um for imaging. This array can also be
used in conjunction with a dlit and grating to provide low-resolution (A/AA = 20) spedroscopy from
55 — ®Bum in Spedral Energy Distribution (SED) mode. The 2x20 stressed Ge:Ga array is combined
with a permanent filter to give abandpass from 140 to 174um with an effedive wavelength of
156um. The pixel size for al 3 arrays is roughly A/2D to sample the telescope Airy pattern fully. In
addition, afine pixel scde/narrow FOV can be selected for use with the 70um band to provide higher
gpatial resolution than is possble with the nomina pixel scde, bu a a somewhat degraded
sensitivity. Selection between the various bands and modes of operation is accompli shed through the
cryogenic scan mirror, which defleds incoming light into the desired ogticd path. The scan mirror is
also used for image motion compensation duing mapping operations, and provides chopgang between
source and sky to improve the accuracy of the MIPSlong wavelength phdometry.
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8.1.2 Optics

8.1.2.1 MIPS SPATIAL AND SPECTRAL RESOLUTION, AND FIELDS OF VIEW

Figure 8.1 schematicdly ill ustrates the physicd layout of the major opticd elements (24um Si:As,
70um Ge:Ga, and 1®um stressed Ge:Ga focd plane arays (FPAs), movable scan mirror, and fixed
mirrors and grating) within the MIPS cold assembly. The ceatral axis of SIRTF and the telescope
focd plane ae to the right in this view. Two plane mirrors in the telescope focd plane defled light
into the instrument where it is reflected back by 2 mirrors to form pupls at the two facets of the
Cryogenic Scan Mirror Medhanism (CSMM). The CSMM provides chopgang at abou 0.1Hz, linea
ramp motions, and also deflects the light into the desired optical train. Light is Smultaneously sent
into the 3 wide-field opticd trains, or into the 70um narrow FOV train, o into the 52 — 9%m
spedral/ SED opticd train.

Figure 8.1: Schematic diagram of
the MIPS optical train, detectors
(Focal Plane Arr ays—FPAS), and
optical paths. Two mirr or faces
are attached to the Cryogenic Scan
Mirr or M echanism (CSMM): one
mirror feedsthe 70um optical train
(normal FOV, narr ow FOV, and
spedrometer/SED), whilethe
second mirror feeds both the 24um
and 16Qum optical trains. The
CSMM provides chopping and one-
dimensional dithering for all 3

arr aysaswell as €leding among
the various bands and modes.
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The telescope Point Spread Function (PSH size (=A/D) is 5.7°, 177, and 38" full width at half
maximum, at 24, 70and 160um respedively. To achieve alequate sampling of the PS- for acairate
phaometry and for super-resolution imagery (to be produced via post-processng), a pixel size is
required somewhat finer than the conventional Nyquist limit of A/2D. This criterion is met by the
wide-FOV pixels of the 24um and 16Qum arrays, which have angular sizes of 2.45 and 158"
respedively. The pixels of the 70um array are somewhat larger than ogtimal in the wide-FOV mode,
having an angular size of 9.9”. This pixel scde was chosen to provide the highest possble 70um
sensitivity given the expeded rate of cosmic ray hits, at the mst of some spatial resolution. In the
narrow-FOV mode the 70um array pixels have an angular size of 4.9, small enough to provide
excdlent performance for phaometry and super-resolution, bu at the ast of losing some sensiti vity.
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In wide-FOV mode dl threearrays smultaneously view non-overlapping fields on the sky. The 24um
and Mum arrays have >5 arcminute square fields of view separated by roughly 8 arcminutes. In a
single pointing the 160um array views two 5.3arcminute by 15.8arcsecondstrips sparated by a 15.8
arcsecond wide dead strip giving a 5.3 x 0.75arcminute unfilled FOV. The ceitra deal strip o the
160um array will be filled by taking images at interleaved scan pasitions. Basic parameters of
interest for planning imaging observations with MIPSare summarized in Table 8.1.

Table8.1. MIPS Principal Optical Parameters

Band Mode Array Pointed Pixel Aum)  F/# AX(um),
Format FOV Size (SED:

(arcmin)  (arcseq) um/pixel)
24pum Imaging 128x128 5.2x5.2  2.45 238 7.4 4.7
70um Survey 32x32 5.3x5.3 9.9 72 18.7 19
70um Narrow FOV ~ 32x32 2.6x2.6 4.9 72 37.4 19
70pum SED 32x24 3.8x032 99 55-98 187 1.7
160pm Imaging 2x20 53x2.1 15.8 157 46 35

" Slit width is 2 pixels, dit lengthis 24 [xels.
* Spedral range & ¥ resporse level. Full useful rangeis= 53— 100um , dispersed acoss~ 28 fxels.
" Includes san motion required to sample PSFfully. Single frame FOV is 5.3 x 0.5arcminutes.

The SED dlit i s off set with resped to the array such that an 832 pation d the aray is unill uminated
in SED mode, and servesto provide adark measurement for the 70um array. The other two arrays can
be put in the dark by suitable paositioning of the scan mirror. In principle, such pasitioning would
suffice d& 70um, bu because of the multiple opticd trains in this band, the level of dark would na be
seaure. By using the scan mirror to chop the view of an array between its dark pasition and the sky,
MIPScan measure the total power falling onthe aray.

8.1.2.2 IMAGE QUALITY

MIPSis expeded to deliver diffradion limited imaging capability at al three wavelengths due to the
matching of the pixel scdesto the width of the SIRTF PS. In the wide field of view mode & 70um
the pixels are dightly too large to achieve A/2D sampling of the PS~, so observers who are
particularly interested in getting the highest possble spatial resolution at 70um shoud utili ze the
narrow field of view (“super resolution”) mode. In addition, image quality at the crners of the 24um
field of view will be dlightly degraded. Detailed models of the SIRTF PS, based onthe Tiny Tim
PS model developed for the Huble Space Telescope, are avail able from the SIRTF pulic Web site.
Observers are dso referred to section 8.2.2.7 bthis manual for more detail onthistopic.
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8.1.2.3 MIPS SPECTRAL RESPONSE

The spedral resporse of the MIPSarraysis given in detail i n the following sections. Blocking of UV
through nea-IR wavelengths is such that for any sourcewhich dces nat grosdy saturate the detedors,
no measurable flux will pass through the blocking filter. Blocking will be verified onorbit by
observing the point-source moduation transfer function d the SIRTF+MIPS optics, and werifying
that only terms correspondng to wavelengths within the spedral bandpasses are present. A detailed
tradng of the SED mode spedral resporse will be provided at alater date; basic performanceis given
in Tables8.1and 8.2.

Spectral Response Tracings

Tradngs of the resporse of the three MIPSimaging bands are included as Figures 8.2, 8.3,and 8.4.
Digitized versions of these tradngs are avail able & the SIRTF pullic web site:

http://sirtf.caltech.edu/.
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Figure 8.2. Response of the 24um band, including filter and detedor spectral
characteristics.
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Figure 8.3. Response of the 70um band including detedor and filter spedral response.
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Figure 8.4.Response of the 160um band including detedor and filter spedral response.
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Response Parameters

For many applications, it is convenient to charaderize the system spectral resporse in terms of
standard parameters. The eff ective wavelengths, A, , for the 3 MIPSimaging bands are momputed as

) IR(/\)T()\))\d/\

) [RAJT ()2

Eff

where R is the intrinsic spectra resporse of the detedor, T is the spectral transmisson d the filter,
and A is the wavelength. Basic quantities of the combined detedor plus filter spectral response for
eath o the bands are tabulated in Table 8.2. Short wavelength blocking has been verified to be
sufficiently effedive that signals from a Rayleigh-Jeans gedrum at wavelengths lessthan ore third
the dfedive wavelength of the filter contribute lessthan 1% of the total. The resporse levelsin Table
8.2 are given as the product of the filter transmisson and spedral resporsivity of the arays, and
therefore have units of resporsivity, here defined as sgnal per Jansky falli ng on the telescope within
the projeded area of the pixdl.

Table8.2. MIPS Spedral Response Summary

Band At | Apeax | Pedk Resporse | Cut-onWavelengths | Cut-off Wavelengths
um | pm e/sedmdy 10% 50% 50% 10%
24pm 23.8 | 21.9 420 20.5 20.8 26.1 28.5
70pm 72 | 71.9 140 55 61 80 92
SED na | na 25 n/a 55 96 n/a
160pm 156 | 152 80 129 140 174 184

The spedral resporse of MIPSin the SED mode was determined pre-flight using test filters and a far-
IR blackbody source. The dlit for the Spectral Energy Distributior/spedroscopic (SED) mode is two
pixels wide and 24 pxels long. The grating disperses the light paral el to the diredion d motion o
the scan mirror: CSMM motions are used to switch between olject and sky positi ons, whil e spacecraft
pointing is used to move the objed between pasitions in the dlit. The spedrum is dispersed by a
reflection grating aaossroughly 24 pxels, and covers the wavelength range from 53 to 96um, giving
anominal dispersion per pixel-pair of 3.4um. The resultant spedral resolution, A/AA, is 15 at 52um,
abou 24 at 80um, and at abou 25 from 85um to the long wavelength cutoff. Basic parameters of
interest for SED observations with MIPSare summarized above andin Table 8.1.
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The onwersion d signa to equivalent monochromatic flux at the dfective wavelength for the
observation will depend onthe slope of the spedrum of the source acrossthe MIPS bands. For the
purposes of comparing sources with dffering spectral behavior, the observed fluxes shoud be wlor-
corrected. Such correction is also required to oltain accurate flux densities. In Table 8.3 we tabulate
the wlor corredion for a representative range of source temperatures. The spedral resporsivity data
necessary for computing the lor correction for sources at other temperatures or with nonblackbody
spedral shapes are avail ablein eledronic form from the SIRTF pulic web site.

Table8.3. MIPS Nominal Color Correctionsvs. Source Temperature
MIPS Source Temperature (K)

Band 10° | 1000 | 500 | 300 | 200 | 150 | 100 70 50 30 20

24um 1.000| 0.989 | 0.977| 0.961| 0.942| 0.927| 0.914 | 0.935| 1.036 | --- ---

70um 1.000| 0.993 | 0.985| 0.975| 0.961| 0.947| 0.920 | 0.887 | 0.854 | 0.830| 0.918

160um | 1.000| 0.998 | 0.996| 0.994| 0.990| 0.987| 0.980 | 0.970 | 0.958 | 0.931| 0.909

The flux of asourceistypicdly determined relative to cdibrator stars using the ratio o the stellar and
sourcesignals. The nominal flux derived in this manner must be crrected in arder to derive the true
monachromatic flux at the df ective wavelength for the band by dividing by the gpropriate fador in
Table 8.3. The result will be the ‘best estimate’ of the true monochromatic flux of the unknown
source d Ag;. The phaometric bandwidths of the MIPSfilters were seleded to make these corredions
modest, except for sources whase blackbody spedral energy distributions peak at wavelengths longer
than the phaometric band. In these cases, large @rredions are unavoidable; observers measuring
cold ohjeds $oud take nate.
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8.1.3 Focal Plane Detector Arrays

8.1.3.1 24um ARRAY

The MIPS 24um array was developed and furnished to MIPS through the SIRTF InfraRed
Spedrometer (IRS) program. It isa Boeing 128x128 pxel blocked impurity band (BIB) Si:As device
identicd to those in the two short wavelength spectrometers of IRS except that the MIPSarray has an
anti-reflection coating optimized for the 24um region. The device has four output amplifiers, each of
which reads every fourth pixel in arow. That is, the readou is in columns, with an ouput amplifier
for each of columns 1, 2, 3,and 4,repeaed for columns 5, 6, 7,and 8.The aray is described in more
detail by van Cleve d a. (19%) and in Chapter 7 of the Observer's Manual. A summary of the
characteristics of the flight array is given in Table 8.4.

Table 8.4. Si:AsBIB Arr ay Performance Characteristics

Charaderistic

Detedive Quantum Efficiency ~60%
Gain (electrons/DN) 5
Departures from Linearity <10%
Inter-pixel Variability + 2%
Spatial Fill Fador ~98%
Well Depth (eledrons) ~3 x10
Dark Current (electrons/s) 3
Read Noise (eledrons) 27
Droop Coefficient* 0.32

*SeeSedions7.1.3and 8.1.3.3
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8.1.3.2 GE:GA (70 AND 160uM) ARRAYS

The 70um and 18um arrays both
utili zetraditional galli um doped
germanium extrinsic
phaocondictor detector
techndogy. Becaise many o the
performance daraderistics of the
two arrays are very similar, the
performance of both is discussed
below, after the physicd layout of
the two arraysis described.

Diff erences between the
performance of the two arrays are

OPTICAL
CONCENTRATORS

READOUTS

DETECTORS

MULTILAYER
CERAMIC

OUTPUT CABLE

MOLYBDENUM
FRAME

pointed ou as needed.

Figure 8.5. 70um arr ay 4x32submodule.

70pum Array Design

The 70um array is described by Younget a. (1998. Figure 8.5shows asinge 4x32 pxel subarray
modue from the 70um array. Ead row of 32 pxelsisfabricaed from asingle 24mm x 0.5mm x
2mm pieceof Ge:Ga. The 24mm length is divided into 32 pxels by phdolithogaphy, yieldinga
dimension d 0.75mmx 0.5mm for the ill uminated faceof each pixel. Absorption d phaons occurs
over the 2mm depth of the pixel andisenhanced byamirror at the bad of the pixel that directs
transmitted phdons bad throughthe sensitive volume. Individual rows are separated by spaces of
0.25mm. Wedge-shaped germanium opticd concentrators are placal in front of each row of pixelsto

expand the smaller dimension d the pixelsto
give esentialy completefilling o the focd
plane and square pixels. Each modue mntains
four readous, ore for each bock of 4x8 pxels,
mourted ona multil ayer ceramic dedronics
board. A molybdenum frame secures the
asembly andthe cabling. The verticd
dimension d the frame exactly matches that of
the 4x32modue, alowing 8 d the moduesto
be stadked to form the full 32x32focal plane
array (FPA).

Figure 8.6is a schematic of the full 32x32 7Qum
FPA assmbly. The 8 modues are stacked and
attached to a baseplate. An additional enclosure
houses eledricd connedions and connedors for
the canerawiring harness

OulruUl

CONNECTORS TEMPERATURE

e

BASEPLATE

INPUT

4X32 MODULES APFRTURF

Figure 8.6. Assmbled 70um focal plane arr ay.
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160um Array Design

The 160um array is described by Schnurr et a. (1998. It also hasamoduar design. Figure 8.7 shows
a5-pixel submodue of the 16Qum array. Ead pixel of the aray is adiscrete block of Ge:Ga0.8mm
x 0.8nmx Imm in dmension. The 5 pixels are mournted onan alumina dedronics board on 3nm
centers, resulting in avery low intrinsic filli ng factor for this array (seebelow). Also attached to the
board are asinglerealou for the 5 pixels and an array of 5 integrating cavities.

The pixel material normally exhibits

phaocondctive behavior only for RESISTOR
wavelengths shortward of 12Qum. To reapRuT
extend that behavior to longer
wavelengths, the pixels are mechanically
stressed to alevel of rougHy 502 of the
material strength. A schematic diagram of
the medanical assembly used to apply and
maintain that stressis givenin Figure 8.8.
The stressngrig contains 2 of the
submodues shown infigure 8.7, aiented
badk-to-bad, and separated bythe central
metal anvil of therig. Once the
submodues are digned within therig, Figure 8.7. 1x5submodule of the 16Qum array
mechanical presaureis applied to the showing discrete pixel elements, integrating
pixelsindividualy, literaly by the turn of cavities and readout.

ascrew. A presaure plate between thetip
of the adjustment screws and the detedor
material ensures the even applicaion d force and eliminates the posshility of lateral motion o any of
the parts. The anourt of force gplied is monitored by measuring the cwnductivity of the pixels asthe
screws are tightened. Oncethe gpropriate stresslevel is attained the screws are mechanicdly
seaured to prevent slippage.

CERAMIC DETECTOR

CAVITY
ASSEMBLY

Figure 8.9ill ustrates the final configuration o
the 160pm FPA. Four of the stressrigs

ADJUSTMENT SCREW

. . : . . ) CANTILEVERED BEAM
illustrated in Fig. 8.8,ead containing 10 pxel O PRESSURE PLATE
elements, are mourted to the aurved upper PETECTOR

surface of abaseplate. Affixed to thetop o
eat stressrigisa?2 x 5array of gold plated, O
light-concentrating, conical apertures. These
concentrating cones expand the eff ective areaof
eat pixe inthe aray to 15.8 x 15.&rcsemnds,
and are machined such that each row of 20 hesa Figure 8.8. Stressngrig for 160um array
filli ng fador approaching 10®% in spite of the viewed end-on.

considerable inter-pixel spacerequired to

ALUMINA BOARD
READOUT CHIP
REFLECTOR BAR
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acaommodate the stressrigs and individual integrating cavities. Thereisa15.8arcsecondwide dead-
strip down the center of the array which is automaticdly fill ed-in during olservations using multi ple
exposures and scan mirror motions.

CONES

STRESS

B-SIDE
MDM—-31-P

CONNECTOR \

THERMAL
STRAP

A-SIDE
MDM-31-P
CONNECTOR

THERMAL ISOLATOR
ALTGNMENT STRUCTURE

G-10
ISOLATOR

Figure 8.9. Fully assembled 160um focal plane arr ay showing 4 stressng rigs,
each containing 2, 1x5submodules, and showing the photon concentrator cones.

70 pum and 160 pm Detector Performance

Table 8.5 summarizes the performance of the Ge:Ga arays. The resporse of the 70um arrays is
linea to better than 4%. This high degree of linearity is one of the primary benefits of the caaative
transimpedence amplifier (CTIA) readou design of these arays, as well as the use of the scan mirror
to moduate the signas within the ‘fast’ resporse of the detedors (see Detedor Behavior, Sed.
8.1.3.3. For the 160um array the ‘fast’ and ‘slow’ resporse times are not as widely separated.
Achieving good lineaity will depend on modeling the @mbined resporse (models are under
development at the SIRTF Science Center at this time, utili zing instrument test data). Saturation for
any particular pixel ocaurs at =4 x 10° eledrons, and is very abrupt due to the use of the CTIA
readous. The saturation value given in Table 8.5is intentionally smaller than this value to alow for
measured pixel-to-pixel variations in resporsivity of the arrays, such that an expaosure designed using
the nominal resporsivity values will not saturate any of the pixels in the arays. The gain o the
readou electronicsis %t at 7 eledrons/DN. The detective quantum efficiencies of the 70 and 16Qum
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arrays are 0.18and 0.15,and their resporsivities are 7 and 13Amps/Watt, respedively. The pe&-to-
pe&k pixel-to-pixel variations in the resporsivity of the arrays are @ou 40% of the average
resporsivity. Intrapixel variations in resporsivity are uncharaderized, bu are epeded to be
relatively unimportant because the PS- iswell sampled. Such variations may be agreater concern for
the wide FOV mode of the 70um array, where the pixels are relatively large. However, in al cases
the high sampling redundancy in the MIPS data will tend to make the dfeds of these variations
average out. Dead space between pixelsisvery nea zero.

Crosstak between pixels that receive aradiation ht during an exposure and neighboring pixels is
lessthan 1%. The expeded fluence of cosmic ray protons at SIRTF ranges from about 2 to 4cm™ s™,
depending on solar cycle. The resulting rate of hits on the large Ge:Ga pixelsis high. The impad of
cosmic ray strikes on cata quality is minimized by eliminating crosstalk and by employing a
sophisticaed scheme for detecting and removing cosmic ray hitsin pipeline-processng of the data.

Table8.5. Ge:Ga Arr ay Performance Characteristics

Charaderistic 70 um 160pum
Detedive Quantum Efficiency 18% 15%
R ivity (Amps/Watt) 13.7Peck 13

OrsiVi m
=P Y P 6.9@ 70um

Gain (electrons/DN) 7 7
Departures from Linearity <4% TBD
Inter-pixel Variability +40% +40%
Spatia Fill Fador 98% ~98%
Well Depth (eledrons)* 2 x10 2 x10
Dark Current (electrong/s) 156 500
Read Noise (eledrons) 92 280
Radiation Hit Crosstalk 0.5% <1%

"Seediscusgonin text
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8.1.3.3 DETECTOR BEHAVIOR
Germanium Detectors

All traditional phaoconductors, such as the MIPS Ge:Ga unstresed and stressed detedors, show
multi ple time @nstant resporse. In addition, they can exhibit sportaneous giking and normonaonic
resporse daracteristics (the “hooK’). These behaviors are indicaed quelitatively in Figure 8.10.
Although detail ed matching of the theory with olserved behavior requires use of numericd

signal

(@)

out

(b)

time

Figure 8.10.Schematic response daracteristics of a bulk photoconductor. The signal
indicated with a solid lineincreasesfrom zero to afixed level at timet,, asindicated in
(a). The detector response, in (b), showsa variety of adjustmentsincluding “hook”,
spontaneous Piking, and a dow tail asa result of thedrastic changein detedor
conductivity. The signal indicated with a dashed lineis of the same sizeastheoneat t»,
but the detedor was already being illuminated at a level comparable with the signal
level, similar to dbserving asource aganst a background. The background flux helps

suppressthe hook and spike response of the detedors, and lesensthe impact of the slow
response on photometry.

tedhniques, the main feaures in Figure 8.10 can be understood readily. The initial rapid resporse is
due to the generation and recombination o charge carriers in the bulk region of the detector. The
“hooK resporse aises through deledric relaxation effeds. The initia rapid migration o free
eledrons can leave adistribution o charge that reduces the dectric field in the bulk and hence
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reduces the gain of the detedor, resulting in a reduction d resporse dter the initial reaction to the
signal.

The other effects arise a the detector contacts. In the first order theory of phaocondictive resporse, it
isasaumed that a charge carrier absorbed at one dedrode is “immediately” replaced by one emitted at
the other to maintain eledricd neutraity in the detector volume. However, the necesdty to emit a
charge arrier to maintain equili brium is only communicated across the detedor at roughly the
dieledric time mnstant (that is, basicdly the RC time @nstant of the detector), so in fact the detector
space harge aljusts to a new configuration at this relatively slow rate, na “immediately.” The result
is the slow respornse cmporent, lasting tens of minutes up to an hou or more. In addition, at the
contad junction ketween condwctor and semiconductor, large fields are produced by the migration o
charges to remncile the differing band gap structures. These fields are a result of the required
matching of Fermi levels between the metal contad and the semicondwctor detedor. To control the
pe&k fields, it is necessary to produce a‘graded contact’ by adding dopants through ion implanting to
increase the dectricd conductivity in a thin layer of semiconductor just below the metal contad.
Nonetheless as the ill umination level of the detedor is changed, these fields must adjust. During this
process the field locd to a small region rear a mntact can accelerate dharge cariers sufficiently to
impad-ionize impurities in the material, producing a mini-avalanche of charge carriers that appeas as
aspike onthe output signal.

Care in the manufadure of the contads for a detector can reduce some of these undesirable effeds,
such as giking. It is also helpful to operate the detedor at a mnstant bias; the CTIA readous used in
MIPS have this advantage. Spiking and hookresporse ae dso reduced by operating the detedor at
low gain (i.e., low bias voltage). The fast generation-recombination resporse of the detectors is not
subjed to the problems inherent in the longer term resporse described above. The scan mirror

Figure 8.11. Measured response dhar acteristics of a Ge:Ga detedor element similar to the onesused
in the 70um and 160pum arr aysin MIPS. Response shows hook and spike characteristics. The fast-
response portion utili zed for observationsisthe steep rise near abscissa vaue 20.

modu ates the source signal at afast rate, keeping measurements mostly confined to the fast resporse
regime. At very low badkgroundlevels sich as those provided by SIRTF, it is posgble to extrad the
sourcesignal largely from the fast componrent, thereby mitigating most of the undesirable longer-term
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resporse effects. Figure 8.11 is included to show that the resporse daraderistics of the MIPS
detedors closely foll ow the qualit ative behavior discussed above.

One patential areawhere the longtimescde behavior of the Ge:Ga arays may be of concern isin
situations where there is a high badkground level in the region d sky being observed. When a
significant badkground flux falls on the detedors the dielectric time constants are reduced because
badkground poduces a steady state cncentration d free darge arriers. At these backgroundlevels,
maintaining cali bration depends on detedor response modeling that will be carried ou at the SIRTF
Science Center.

Silicon Array

The 24 um silicon BIB array is much better behaved than the phaoconductors used for the two far-
infrared channels. The improvement is inherent in the structure of the detector, which separates the
functions of phaon absorption and maintaining high detedor impedance. Consequently, the infrared-
adive layer is aufficiently heavily doped that it adjusts to new equili brium condtions rapidly and
avoids the ‘two time anstant’ behavior seen with the germanium detedors. The high absorption in
this layer alows it to be small and the csmic ray hit rate is low. Again because of the high level of
dopng, cosmic rays have much lessof a tendency to modify the solid state properties of the detecor
and thereby to producethe problematicd response charaderistics of the germanium devices.

Nonetheless the silicon array has sme non-ided behavior. Its output signa is subjed to ‘droop
whereby the output for a pixel is propational to the phaon signal that fell on that pixel plus asignal
propationa to the average signal falling over the entire aray. The MIPSflight array has a droop
coefficient of 0.32, meaning that 32% of the average integrated charge acossthe aray appears in the
output of every pixel. In addition, after observing a bright source, there is a latent image & the <1%
level. The latent images decay very slowly, taking up to ~10 minutes. The droop ghenomenonwill be
corrected in the calibration gpeline processng, bu latent images may leare atifads in the data
delivered to users.

8.1.3.4 ANNEALING

The resporse dharaderistics of the 70 and 160um arrays change significantly as cosmic rays cause
the slow bulldup d residual charge in the detedor material. These changes in resporse will be
periodicdly removed by anneaing the arays, and frequent stimulator flashes are included in the
MIPS observational sequences at a nominal time interval of 2 minutes, in order to monitor such
changes in resporse. Experience gained duing instrument testing and on abit may require revision
of the frequency of the stimulator flashes. The 24 um array is of a type that shows minor changes
with ionization damage, and calibration with stimulator flashes will be arelatively infrequent event
for that array.

In addition to tracing changes in the resporse of the Ge:Ga arrays due to ionizing radiation, the
acamulated ionization damage will need to be periodically removed from them. Three methods are
avalable for erasing the dfeds of cosmic rays. thermal annea, bias boost, and phdon flood.
Therma anned is the most effective technique, bu the other two approaches are available in case
they are found to be desireable. From experience with the 1SO detedors, we projed that a full
thermal anneal will be required roughly every three hous. Provision hes been made to anned the
germanium detedors to temperatures of ~7K (70um array) and ~5K (16Qum array) as often as every
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30 minutes within the instrument power budget. The Si: As focd plane will aso include aheater for
anneding by raising its temperature to ~ 20K. However, in this case the operation is expeded to be
required oy abou once per week.

Unlike stimulator flashes, anneding will be a separate operation from normal data taking. For
example, anneds may be performed duing slews between panted olservations. Observers soud
exped asignificant (but well-charaderized) change in the cdibration properties of the arays after an
anned. Although pipeline processng shoud remove most indications of the change, it is possble that
the signal-to-noise ratio onsources will be dfected.

8.1.3.5 CALIBRATION

The built-in stimulators (cdibrated light sources) are the heart of maintaining the germanium detecor
cdibration throughou groundtest and on abit. MIPShas five sets of dually redundant stimulators: 1)
flood stimulator for the 70 um array; 2) flat field stimulator for the 70um array; 3) flood stimulator
for the 24 pm array; 4) flat field stimulator for the 24um array; and 5 floodflat stimulator for the
160um array. The flood stimulators will be used exhaustively for cdibration puposes. Flat field
stimulators offer extra redundancy for the flood stimulators, and are designed to provide amethodfor
monitoring the flat-field of the arrays, athouwgh operational flat-fielding will be based on sky flats.
Because the cdibration d the germanium detectors is dynamic, the stimulator adivity is integrated
with the AOTs and repeded flashes are interleaved with the data. The aurrent plan isto use the 24um
stimulators aringly, because we exped this array to maintain its cdibration well. However, they can
be used whenever necessary by isaling a separate engineering command.

Stimulator Operation

The stimulators operate on the reverse-boometer principle. That is, they have an emitter that is
suspended with a small thermal conductance to the @ld sink, and an eledricd heater that can heat the
emitter above the @ld sink temperature. The temperatures attained by the stimulators are set such that
their bladkbody emisson daes not slope strongly across the spedral band d the array. This
minimizes concerns regarding color differences between light used for cdibration and the light from
SOUrCes.

Stimulator Usage in MIPS

The flat field stimulator for the 70 um array is at the focus of a projedor that re-images it onto the
scan mirror, which is at a pupl in the optica system. The output can be direded through the wide
field 70 um imaging optical train or through the SED optical train by suitably positioning the scan
mirror. The projector is required so flat fields can be obtained for imaging and spedroscopic modes
independently (i.e., withou light going through bah ogticd trains). Geometric constraints prevent
light from the flat-field stimulator from being directed into the high-resolution 7Qum imaging train.
The 24um flat field stimulator is locaed in an integrating cavity and its output is conveyed through a
madchined aluminum light pipe to an exit pinhde & a pupl nea the aray. The 160um stimulator is
also in an integrating cavity with a small exit hole in a mirror at a pupl, placed right in front of the
concentrators that conwey the light to the detedors. The flat fields obtained using the flat-field
stimulators within MIPSwill periodicdly be cdibrated against observations of a uniform region o
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the sky. The flood stimulators at 24 and 7Qum are dose to the detectors and kroadcast light in aless
controlled manner than the flat field stimulators. They will be used primarily for relative calibration,
whil e the 160um stimulator will be used for both calibration and flat fielding.

Calibration Against Celestial Sources

The asolute calibration d MIPSwill proceel in two steps. First, we will determine the best possble
cdibration at 10.6pum. Second, we will use “standard” stellar spectral energy distributions normali zed
to 10.6um to extrapolate from that wavelength to the MIPSbands. These céestia calibrations will be
used to transfer to the stimulator outputs, so that the arays can be re-calibrated as necessary withou a
requirement for additional observations of cdestial sources.

An Anchor at 10.6 ym

The most acarrate dsolute cdibration rear 10 um is that of Rieke et al. (1985. This work became
the basis for the calibration d IRAS at 12um, so the IRAS caalogs propagate it to many stars.
However, the fundamental cdibrators are best represented in the origina paper. Rieke et al. found
that cdibrations based onextrapalation d A-star spectra disagreed systematicdly from those obtained
in a number of other ways. If we discard the A-star estimates (as was also dore by Rieke et al.) but
include the other indirect methods that they aso dscarded, we arive & fluxes for the three
fundamental calibratorsin their system aslisted in Table 8.6. A more recent absolute measurement of
o Boo is in agreement with the work of Rieke @ al. bu has substantially larger errors (Witteborn et
al. 1999. Although na among the Rieke et al., fundamenta cdibrators, we dso include their
estimate for Vega, based onintercomparison with the other cdibrators.

M. Cohen and co-workers have publlished a series of papers presenting calibrated spectral energy
distributions of stars, all based uponextrapolated spedra of Vega and Sirius. They use improved
models for the @amospheres of these stars, which remove the discrepancies noted earlier by Rieke d
al. While their work provides calibrated compasite spectra for the stars, here we use only their
monachromatic fluxes at 10.6um. In Table 8.6 we compare the Cohen et al. and Rieke et al. flux
cdibrations for the three Rieke et al. fundamenta cdibrators and Vega. Cohen et al. estimate an
overal uncertainty of 3% in their results (Cohen et al. 1996. The Cohen valuesin Table 8.6 refled a
0.6% upward revision d their fluxes, as siggested by arecent revisionin the cdibration d Vega & V
(Megesser, 199B), with an accompanying downward revision d their uncertainty to ~2.5%.

The most important result in Table 8.6 is that the two cdibration approadies are in excdlent
agreament for al three calibrators (and Vega). Since the quaed errors for both groups are nearly
identicd, it is appropriate to take the straight average of the fluxes from the two approacdhes, and to
assgn an rms error of 2% to the result.

Table 8.6. Flux densities (Jy) of primary calibratorsat 10.6um.

| Riekedal. | Cohenetal. | Adopted
o Lyr 35.3 34.6 34.95
o Boo 655 636 645.5
a Tau 576 569 572.5
B Gem 110 108.6 109.3
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Extrapolation to the MIPS Bands

To guard against systematic earors, we will use three independent methods to extrapolate the
cdibration to the MIPS bands: 1) Solar Analog method 2) extrapdation with A star atmospheric
models; and 3 extrapalation with semi-empiricd models of red giants.

Solar Analogs

Johrson introduced a method d absolute cdibration in which dred comparisons of the sun and
cdibrated backbody sources are transferred to a network of “solar analog’ stars of type similar to the
Sun. The flux offset between the Sun and these stars is assumed to be egqual to their brightness
difference d some readily measured wavelength (e.g., V band). This method hes been used by
Campins et al. (1985 and further references can be foundthere. One unique apect of the goplication
of this method to MIPSis that it is the only feasible “dired” calibration, in which the data can be
referred badk to a comparisonwith a cdibrated laboratory source d or near the wavelength of interest,
withou relying on spectral extrapolation. Calibration wsing the solar type stars will be acomplished
by using the empirical fit to the measured solar spedrum (Engelke, 1999 to extrapalate solar-type
spedra through the MIPS bands. Because of the small differences in stellar temperature, and the
minimal li ne blanketing in the far infrared, the Engelke gproximation shoud be very accurate.

A-Star Model Atmospheres

A-type stars are popuar for extrapolating cali brations because it is believed that their atmospheres are
relatively straightforward to model. They are probably the most reliable way to extend the MIPS
cdibration by comparison with theory. The signal to ndse achievable on A-star phaospheres at
160um is quite modest in al cases, bu such stars can be eaily measured at 70um, and all but Sirius
can be measured at 24pum.

The foundition for this approad is accurate amospheric models, such as those available for Sirius
and Vega. Vega itself canna be used as a cdibrator because of its bright debris disk, and a
comparison among the measurements of a number of stars will be necessary to identify any with
similar contamination. Fortunately, enough A-type and solar type stars are available to alow us to
rged sources with dsk-induced far-IR excesses by simple comparison with the median fluxes of the
ensemble of sources.

Red Supergiants

Red supergiants generally have very complex atmospheres and are not favored for extrapoation d
cdibrations. However, in the far-infrared their spectra gopear to exhibit smple Rayleigh-Jeans-like
behavior, as hown by the extensive set of composite spedra asmbled by Cohen and co-workers.
They are dso the only stars whase phaospheres can be deteded at high signal-to-noise & 16Qum.
Thus, the brightest red supergiants will play a aiticd role in the cdibration at that wavelength.
Unfortunately these sources will saturate the 24um array. To crosscdibrate the bright supergiants
with the shorter wavelength A and G star calibration, it will be necessary to olserve agroup of fainter
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red supergiants at 24um, and then assume that their spectra ae identical to the bright supergiant
spedrafor stars of identicd spedral type.

Filter Blocking

Using normal stars as calibrators imposes vere reguirements on the understanding of nea-infrared
filter legks. Leaks will be measured by comparing the bean profil es of observations of asteroids and
stars. If there ae filter leaks, the stellar point spread function will include spatial frequencies
appropriate to the nea infrared Airy pattern of the telescope, frequencies which physicdly canna be
asciated with a true far-infrared signal. Because the ratio of nea-infrared to far-infrared flux is
much lower for asteroids than for stars, nea-IR filter lesks will be negligible for the asteroids.
Therefore, a areful comparison d PS=s will reveal and allow us to measure filter le&ks. Spatia
power spectra of the PSs will clealy separate the two frequency comporents if they are present
This methodis described by Kirby et al. (1994).

Therefore, the fundamental cdibration will consist of a measurement of filter leks in each band early
in the misson, dus measurements of a number of candidate cdibration stars. From these data, we
will make asdledion d fundamenta cdibrator star(s). Thereafter, whenever MIPSis turned onfor
observing, a fundamental cdibrator star will be observed and compared with measurements taken
using the internal stimulators. A cdibrator star will also be observed near the end of observing, just
before MIPSis turned doff. The frequent observations of the brightnessof the stimulators will then be
used as relative cdibrators, allowing the instrument resporse to be referred to the signals from the
cdestial standards withou adually observing them.

Dark Current

As part of instrument cdibration, dark current must be periodicdly measured for each array. This
will be dore & the beginning and end d each instrument campaign, similar to okservations of the flux
cdibration stars. The scan mirror has positions which do na alow light to fal on the arays, and
these positions will be used, in part, for dark current measurements. The dark current will be
measured immediately after an anneal, before the detedor resporsivity has had time to change due to
cosmic ray hits.

8.1.4 Combined Electronics

8.1.4.1 HARDWARE

To reduce the st and massof the SIRTF spacecraft, much of the dedronics required by IRS and
MIPS are shared, including a warm eledronics chasds, powver supgdies, the instrument processor
(RAD6000Q and the oontrol and science data interfaces to the spaceaaft computer. The IRS
instrument has four Si focd plane arays (FPAs) and MIPSrelies onthe IRS eledronics to control and
readou the MIPS $:As FPA. The block diagram of the combined eledronics shown in Figure 8.12
identifies the MIPSelectronics, the IRS e ectronics, and the @mmon eledronics.
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The MIPSIRS warm eledronics are designed to be standby redundant: two identicd eledronics
boxes are flown. Both baxes are mnrected to the FPAs and scan mirror in the ald instrument, bu
only one box is powered at atime. Each circuit that is connected to the cld instrument is designed so
that when the drcuit is not powered it does not load the signal line runnng from the powered
eledronics box to the old instrument. To provide further protection from fail ures, each Ge:Ga FPA
istreded as two independent arrays. Independent clock and DC voltages are provided for each 16x32
half of the 70 um FPA aswell as each 2x10 relf of the 160 um FPA.

A total of 40 identicd analog chains is provided in the MIPS warm eledronics for the two Ge:Ga
FPAs. 32 for the 70um FPA and 8for the 160um one. The cales conreding the FPA outputs to the
MIPS warm eledronics are over three meters long. Since these cables are routed from the 1.5K
instrument out to the 300K warm eledronics box, low thermal condctivity wire is used for these
cables. Each cable mntains 24 pairs of twisted pair manganin wire proteded by an ouer shield; each
output signal istwisted with a complementary groundreference The total cgpadtance of the cale, up
to 700, must be driven by the array output amplifiers. An instrumentation amplifier in the warm
eledronics, which helps rgged common mode noise on the incoming signal and gound reference
lines, receves the signals. The output of the instrumentation amplifier is Immed with a DC offset
voltage and then fed into a 1IKHz two pde filter. The bandwidth o this filter was chosen to be low
enough to limit the FPA noise bandwidth and yet provide areasonable readou time for the FPA. The
outputs of the 40 analog chains are multiplexed down to a single analog line, which is fed to the
analog to dgital converter (ADC) as shown in Figure 8.12. A 16 Lt ADC is used to dgitize the
procesed pixel data from the germanium FPAs., with a resolution d 7 electrons per ADU. The
silicon data dhain is described in sedion 7.1.4.For that array, the gain is 5 eledrons per ADU, again
into a16 bt converter.

As drown in Figure 8.12,a hardware timing generator is used to producethe dock signals for the two
MIPS Ge:Ga FPAs, synchronization signals for the MIPS $:As FPA, and defledion waveforms for
the scan mirror. Synchronizing signas are fed from the MIPStiming generator to the IRS timing
pattern generator, which produces the actual Si:As FPA clocking patterns. Both of these timing
generators are implemented in hardware with no red time intrusions required by the instrument
procesor. The MIPS flight software @ntrols the operation d these timing generators through
register writes. In operation, the MIPS germanium FPAs will be read ou at a frequency of 8Hz and
the silicon FPA at 2Hz.
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Figure 8.12. Electronic schematic for M I PS/IRS combined eledronics package.

The timing in MIPS ha been adusted to be synchronouws with the computer oscill ator and dher
patential sources of synchronows noise, and fence is dowed by abou 5% relative to wrist-watch time.
In this and dher sedions of this document, time information regarding instrument operations — read
intervals, integration times, etc. —is given in ‘MIPStime’ if not otherwise noted — aMIPS secondis
5% longer than aconventiond one. For most practicd matters the 5% difference between a MIPS
secondand areal secondwill not be aconcern for observers. This caved regarding timing applies to
sedions describing how to estimate integration times from source fluxes, plots showing the sensitivity
of MIPS or the integration and olservation times returned by the SIRTF Planning Observations Tod
(SPFOT). Unlessotherwise stated, instrument related times are typicdly given in MIPS seconds, and
wall clock times are “red seamnds.”

Drivers are provided in the MIPS eledronics for the FPA cdibration stimulator sources and the
thermal anneal heders. The timing generator produces the stimulator flash puses, which are
synchronized with the FPA readou. The thermal anneal heder timing is controlled drectly by the
instrument proces9or.

The CSMM is controlled by a type | analog servo system. The adual CSMM defledion angle is
continuowsly monitored and compared with the commanded angle. The aror signa between the
adua and desired pasitions is integrated and wsed to drive the CSMM aduator. Mirror defledion
commands are generated dgitally by the timing generator and converted to an analog command using
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a digital-to-analog corverter (DAC). The timing generator produces al the required CSMM
defledion waveforms, including chop waveforms and the sawtoaoth pattern required by the MIPSscan
map mode. The higher currents required by the CSMM and by the FPA therma anneal heaers are
caried to the @ld instrument over a cdle constructed of phospha bronze wire.

8.1.4.2 SOFTWARE

Figure 8.13 is a top-level block diagram showing the flow of information to and from the MIPS
instrument. As dhown in the figure, operational parameters are nwerted into the gpropriate
command Hocks at the ground station, which are then uplinked to SIRTF. Instrument specific
commands are received and dstributed by the spacecraft command and data handler (S'C C&DH).
The spaceaaft C&DH provides the interface between the SIRTF spaceaaft and the SIRTF
instruments. The spacecraft C&DH sends the MIPS spedfic commands on to the IRS/MIPS
procesor; there they are interpreted and exeauted by the Control Sedion Flight Software (CSFS).
Engineering and science data are gathered by the various components of the MIPS embedded flight
software and davnlinked, via the spacecraft procesor, to the groundfor processng.

The CSFS configures and controls the instrument comporents through four major eledronics
sedions: the SIRTF Instrument Command and Data handing (C&DH) subsystem interface, the
Control Sedion Eledronics (CSE), the Silicon Detedor Focal Plane Array (Si FPA) Interface
Eledronics, the Germanium Detector Focd Plane Array (Ge FPA) Interface Eledronics, and the
Cryogenic Scan Mirror Mechanism (CSMM) Interface Within the IRS/MIPSeledronics, the Control
Sedion Flight Software provides the instruments with the computational, interface, and memory
resources necessary for performing overal instrument control and science data ollection and
processng tasks. Commands are acepted through an RS-422 Command/Resporse Seria interfaceto
the spacecraft C&DH and then processed by the Control Sedion Flight Software. The engineering

Figure 8.13.M1PS software block diagram




telemetry data ae output by the Control Sedion Flight Software to the spaceaaft C& DH viathe same
interface. Instrument science data and dagnostic data are output by the Control Sedion Flight
Software to the spacecraft C&DH viathe 1IMb RS-422 Science Data interface. The Si FPA Interface
Eledronics and the Ge FPA Interface Eledronics provide the ammmanding and science data interface
between MIPS detectors and the Control Sedion Flight Software. The Si and Ge FPA Interface
Eledronics also control the instrument stimulators and the Si focal plane array temperature. The Ge
FPA Interface Eledronics control the MIPScryogenic scan mirror.

To perform its main function d colleding and ouputting science and engineering data within the
constraints of the SIRTF system, the Control Sedion Flight Software provides the aility to
operate the instrument in two separate software states: the boa state and the operate state. Within
ead software state, various subsets of the full set of commands and subsets of the full set of
telemetry data aevalid.

When power is applied to the main electronics of the MIPSinstrument, the MIPSprocessor begins
exeaution d the boa state flight software. The functions for the boa state software ae:

* Provide the aility to udoad and davnload data to/from the Error Detection and
Corredion / Eledrically FEraseable Programmable Read Only Memory
(EDAC/EEPROM) memory areas from/to the groundsystem viathe S/C C&DH.

* Provide the adility to transfer the amde from the EEPROM memory areainto the EDAC
RAM.

* Providethe aility to begin exeaution d the Operate state software & an ugdinked address
locaion.

* Provide the aility to monitor and ouput a subset of the full complement of engineering
dataindicating the arrent state of the instrument.

» Collea detedor, memory dump, and dagnostic data telemetry.

To proted this basic upload and transfer capabili ty, the flight software necessary to perform the
boa state software functions resides in awrite protected areaof radiation herdened EEPROM. To
reduce the complexity and increase the reliability of the boa state flight software, it has been
written withou incorporating the red-time operating system that is being utilized in the operate
state flight software. The boa state flight software utili zes a basic cyclic exeautive to handle its
operations.

After the boa state software has copied the operate state software from EEPROM to EDAC
RAM, the instrument may be commanded into the operate state, where instrument science
adivities can be performed. All instrument cdibrations, science observations and instrument
diagnostic activities are performed by the operate state software. To accomplish this, the operate
state software suppats the foll owing tasks:

» Configure and operate the MIPSdetectors.

» Configure and operate the MIPSscan mirror.

» Configure and control the MIPSinstrument stimulators.

» Colleda detedor, memory dump, and dagnostic data telemetry.

» Collea and monitor engineering data and scan mirror paosition cata.

» Format and ouput sciencedatato the RS-422 Serial interface

» Format and ouput engineering telemetry datato the RS-422 Serial interface.
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8.1.4.3 ARRAY CONTROL

So far as posgble within the constraints of data cmpresson and telemetry limitations, ead image in
the Ge:Ga and stressed Ge:Ga bands will be sent to the ground for further processng, which will
remove msmic ray hitsand aher bad data, shift and add the frames, and cdibrate them to produce the
final images of the sky. The Si:As data will be fitted by linear regresson for each pixel and orly the
slopes for each image will be sent to the ground (along with a difference of the first two reads). This
processng isrequired to limit the amourt of data that must be stored by the spacecraft.

32x32 Ge:Ga Array (70 pm)

The 32x32 array readouts consist of CTIA amplifiers which are "on" continuowsly, and whose outputs
are sampled sequentialy by an onchip multiplexer. The MUX will be cycled at a mnstant rate to
give aread rate of 8 samples per pixel per MIPSsecond. Eadch sample will be digitized and sent in an
unprocessd state to the ground, with the posshble exception d coadding 2, 4 or 8 adjacent samples
for a pixel to reducethe data rate. Depending on the achieved losdesscompresson in the spacecraft
computer, no coadding or coadding by 2 frames will be required at the slow scan rate, and coadding
by 2 o 4 frames might be needed at the medium rate. The preservation d the detail ed data stream for
eadt pixel iscriticd for this array because of the large expeded hit rate by ionizing particles, as much
as 1 hit per pixel per 35 seands (at solar minimum). These hits can best be removed from the data
stream in ground pocessng. The array is reset coincident with a scan mirror flyback, and then reset
again half asecondlater to commence gathering data.

2x20 Stressed Ge:Ga Array (160 pum)

Operations are similar to the 32x32 array. One distinct difference between operations of the two
arrays is that when the observer requests a 10 seaond expaosure, the 160um expasure will be split into
two 5 second exposures, by resetting the aray half-way through the full exposure time. Because of
the generally high level of badkgroundflux at 16Qum, the aray saturates too quckly to be useful in
many portions of the sky if a 10 second exposure is used. An added benefit of performing an extra
reset of the 160um array is superior regjection o cosmic-ray hits. The extrareset is entirely internal to
the MIPScommanding software and instrument, and will be transparent to observers.

128x128 Si:As BIB Array (24 um)

The 128128 array will also take datain amode similar to that just described for the 32x32 array, bu
some minor differences are required because of differences in its readou, its larger format, and its
differing susceptibility to hits by ionizing particles. The aray will be read ou at a @nstant rate, in
this case every 0.5 MIPS seq and the resulting data sent to the IRS/MIPS computer for processng.
However, the datarate istoo hgh to al ow sending every frame to the ground. Fortunately, because it
has small er pixels than the 32x32 array (by more than 1000in surface area), the csmic ray hit rateis
much smaller and it is permisgble to processthe frames from the multiple reads into a single image
(the net integration ketween resets) before sending it to the ground. The net signal for each pixel inan
image will be cmmputed by linea regresson to determine the aurrent generated by the pixel between
resets. However, there is alossin dynamic range in this process since asource that saturates a pixel
during the integration will be unrecoverable. To achieve the dynamic range requirements for MIPS it
IS necessary aso to retrieve the information from the initial 0.5 MIPS secintegration. To doso, the
first and secondreads of the aray will be differenced.
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The readou and resetting of this array proceeds continuowsly over 0.5 sec, recycling to the same state
for the next 0.5 sec Therefore, the final set of reads for a given integration must start 0.5 sec before
the scan mirror flybad. Following reading the aray, each pixel will be reset during the 0.5 sec read
cycle whil e the scan mirror fliesbadk. A second 0.5secmndreset cycle will follow to remove residua
signals accumulated duing flybadk before the scan mirror has ttled. Integration oneach pixel will
begin immediately after this mndreset. That is, for every scan mirror flybad, there is a one second
dea time for eat pixel of the Si:As array, and these dealtimes are distributed over a 0.5 second
offset in the order of pixel aacessand read, with the first pixels beginning integration 0.5sec dter
flyback isinitiated and the last ones 1 sec dter flyback initiation.

8.2 How to use MIPS

8.2.1 Operating Modes

There ae four major operational modes (or Astronamical Observing Templates; AOTSs) of the MIPS
instrument:

»  Photometry and Super Resolution (includes super-resolution, large source, and small sourceoptions, and can be
used to oltain multi ple images through the duster and raster-map ogions).

*  Scan Map (includes dow, medium and fast scan rates, where incomplete cverage & 160um is obtained at the
fast scan rate).

*  Spedra Energy Distribution (SED; can be used for asingle spedrum or step and stare spedral mapping).

* Tota Power Mode (used to oltain absolute brightnessmeasurements for highly extended sources).

Observingin any of these modes invalves the acquisition o multi ple data frames, na just asinge
frame. The multiplicity of frames provides for reggedion d cosmic rays, cdibration d the Ge:Gafocal
plane aray datain thelight of the two time-constant behavior of thase detedors, adequate sampling
of the point spread function (PSE espedally for super resolution olservations), and, in the case of the
160um array, for building upafill ed image using multi ple off set exposures of that 2x20 pxel array.
The total number of images obtained depends on the total integration time requested by the observer,
and the observational mode selected. Asdescribed in the following sectionsandin Sedion 8.2.3the
integration times avail able to olservers are quantized. Thisis because of the need for multi ple images,
and the fact that the exposure time for theindividual framesin an olservation can orly beset to 3 @
10 semnds for the Ge:Ga arays, and 3, 10,0r 30 seaonds for the 24 um array.

8.2.1.1 SURVEY "ScAN MAP MODE"

The scan map mode is designed to provide dficient mapping o large aeas onthe sky. A ramp
motion d the scan mirror compensates for continuoLs telescope scanning motion, freezing the images
onthe arays. The scan map mode avoids havingto repoint and stabili ze the tel escope between
eXposures.
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Telescope Motions

The telescope performs a scan at a constant rate. The observer can select from three discrete rates —
slow, medium, and fast (approximately 2.6, 6.5,and 17.0arcseconds per seaond). Typicd scan
lengths will be 0.5to 5 degrees with a maximum of 10 degrees (depending on the scan rate). A scan
leg is defined to be asingle scan passin ore diredion (forward or reverse). A scan map observation
aways gdarts in the “forward” diredion (in the +Y diredion in the SIRTF focd plane). The scan
length is defined to be the distance dong the scan track for which full-weight coverage is obtained
with al threeMIPSarrays. There will be regions of overscan at each end that have wverage by some
of the arays but nat all. During the full-coverage portion d the observation, the telescope position
shoud be within about 1.3" (rms) of the expeded pasition along the scan track. At the end d a scan,
the Observatory will reverse its diredion and begin a new scan in the oppasite direction as the first,
with the same scan rate and either along the same track or offset by 5” to 5' in cross.scan.

Telescope line of sight

MIPS line of sight

Scan mirror position

Stimulator 7

Figure 8.14.- Synchronization of Scan Mirr or M otions, Telescope Scan, and
Stimulator Flashes.

For typicd scan maps, scan legs can be asumed to be linear. Very long scans will depart dlightly
from linea tradks. This curvature is determined by the offset between the arrays and the telescope
centerline (X-axis), and any misalignment between the scan mirror rotation axis and the spacecraft Z-
axis (Solar diredion; seeFigure 4.5). Also, the scanned region onthe sky isin genera not exadly
90° from the line to the Sun, bu can be awywhere within a 40° wide annuus (Figure 3.5). The net
effect of these terms on the scan leg geometry is that the dominant direction d scan motionis a grea
circle centered onthe spacecraft Z-axis. It is made such that the rotation is arounda point 90° from
the telescope boresite, and < 2° of the grea circle centered onSIRTF and going through the center of
the Sun. The painting of the boresiteis sich that the scan leg centerline
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is positioned through the aray centers. Perturbations that amournt to small circle deviations are
required to accourt for the focal plane layout and the adual scan mirror rotation axis relative the Z-
axis. The resultant curvature in the scan leg will be determined in flight, but is currently expeded to
be on the order of lessthan or abou 1% over a 10° scan. The relative pointing accuracy between two
conseautive scan legsis 3 arcseconds (radial) for at least 4000seconds time.

During the urse of an AOR, the SIRTF focd plane orientation onthe sky isfixed. Therefore, there
will be norotation d individual scan peths, na will there be any relative rotation between scan legs
obtained within asingle AOR. This hads in spite of the orbital motion d SIRTF during the period o
the AOR. Scans obtained in separate AORs likely will have different orientations. The magnitude of
the rotation degpends on ecliptic latitude and time between AORS. To minimize such variationsin scan
orientation, olservations may have to be @nstrained such that they are done within a short period o
time, particularly away from the ediptic.

Instrument Functions

At the start of the scan, the scan mirror is positioned nea its “center” position, where dl three
detedor arrays are fed; data will be @lleded from all three arays. The scan mirror will be moved in
aone sided ramp with “flyback” aroundthis pasition; during the ramp motion, the scan motion d the
telescope will be compensated by the motion d the scan mirror to freeze the field onthe arrays. This
operating mode is also cdled “freeze frame scanning.” The flybad will occur at intervals of 1 and 3
pixels of the 160 um array aternately (i.e., = 16" and 48'). The pixel sizes for the streseed Ge:Ga
(160 um) and Si:As (24 um) arrays provide good sampling of the Airy pattern. Along the scan axis,
improved sampling on a fractional pixel level will be obtained onthe 70 um array as the source
transitsit. That is, if asourceis centered onapixe of thisarray for the first exposure, it is dhifted off-
center by 0.1 pxels for the second, 0.4for the third, 0.5for the fourth, and so forth. When the
telescope scan directionis reversed, the parity of the scan mirror ramp/flybadk will be reversed.

Frequent stimulator flashes are required by the two germanium focal planes; the silicon array will be
stimulated ona much lessfrequent basis. To allow scans that take longer than would be permissble
between germanium stimulator cdibrations, the synchronization d the scan mirror and telescope scan
is operated as follows. The scan mirror will gradually “get ahead” of the telescope, so that the
individual ramps will | ea the telescope by increasing amourts as the telescope scan progresses. This
lead will grow by linealy offsetting from the zero pant of the scan mirror motion. When the time
arrives for a stimulator flash, the scan mirror will resume its adion at the zero pant, and the time for
one eposure will be available for the calibration withou loss of sky coverage. This process aso
guarantees that the aray is pointed at a previously imaged pation d the sky during the stim flash,
adlowing for accurate subtradion d the sky signal from the stim. This pattern of operation is
illustrated in Figure 8.14.The resulting coverage onthe sky is shown in Figures 8.15and 8.16.
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For the highest data reliability, it is desirable that the aeabe remapped a short time later (e.g.. to
eliminate asteroids from the images). A scan leg has multiple redundancy of data & 24 um and 70
UM because multi ple images are aquired of the same point on the sky (Figure 8.15. However, single
scan legs have no redundancy at 160um (Figure 8.16). Reliable data for this band will require & least
two owerlapping scan legs. A seand scan map at a later time can be used to identify asteroids and
other transient events

Fast Scan Mode

Instrument operations at the fast scan rate (nominally abou 17"/sec) are dlightly different from those
at the lower rates. Because the dficiency would be undesirably low at this san rate if full sampling

Figure 8.15.0Operation of 24 and 70um Arrays During Scan M apping. During nor mal
operation, every sourceis observed ten timesin a single pass during quick scan, each
source isobserved five times.

were obtained at 160um, that option is not suppated and full coverage & this wavelength requires a
secondscan. The scan mirror flybad is st to four 160 um pixel widths (63.6'), with noaternation o
flyback amplitudes. As aresult, there will be gapsin 160um maps acquired in fast scan mode: a of
one pixel width gap will appear after two contiguous pixel widths of coverage. Given that the pixels
are 0.4\/D wide and separated by the same anourt, any reasonably bright sources will be “sighted” at
160 um even in the partial coverage obtained in a single pass A genera requirement for a reliable
map will be to rescan the same area asecond time (at a later date/time) to screen ou asteroids and
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Figure 8.16 MIPS Operation at 160um in Scan Map. In normal operation, every
point along the scan track is observed once redundant coverage requiresrescan. In
quick scan mode, the sky coverageisin bars, one pixel wide (15.9”), with every other
bar not observed. Full sky coveragerequiresrescan with sufficiently accurate pointing
to placethe pixelsin the uncovered areas on the rescan.

other transient phenomena. If a rescan is carried ou, it can be interleaved such that both scans
together provide afull 160 um map.

Thetotal integration time per point on the sky per pixel in asingle scan legisprovided in Table 8.7.

Table 8.7 Scan Map Integration Time per Pixel

Scan Rate 24 um 70 um 160pm
Slow 100sec 100sec 10sec
Medium 40sec 40sec 4 sec
Fast 15sec 15sec 3sec

* Only %2 d map region covered by 160um pixels at the fast scan rate in ore scan leg.
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8.2.1.2 PHOTOMETRY MODE

Although bah phdometry and super resolution are suppated in asingle Astronomicad Observing
Template (AOT), for ill ustration we describe the procedures separately. The phaometry modeis
designed to oltain multi-band olservations of reasonably compad sources; sources that are too
extended for the procedures described below shoud be imaged using MIPSscan mapping instead.
Super resolution emphasizes thorough sampling of the point spread function through a combination o
small pixelsrelative to the Airy disk and d sub-stepping of the image relative to the pixels. Speaad
observing modes are used to achieve this goal at 70 and 160um, and at 70 um a separate opticd train
providing afiner pixel scadeisalso employed.

In the foll owing descriptions, we give overly specific examples, for example with particular pixel
addresses for where the image will fall. We do so for purpases of ill ustration orly. Actual placement
onthe arayswill nat be exadly those given here, bu relative placement will remain. Observers are
referred to Table 8.8 kelow for asummary of phaometry mode integration times.

Photometry — 24 um, Compact Source

The basic 24 um phaometry observation acquires 14 separate images of a source. The locations of
theimages areill ustrated in Figure 8.17. To start the observation sequence, an image of the sourceis
taken with it centered approximately 1' to ore side and 1 abowve of the aray center. Next the source
is moved with the scan mirror 2' below the original pasition,i.e., centered roughly on pxel coordinate
[-25, —29.5 with [0,0] defined asthe initial position onthe aray. The scan mirror will be nea one
end d itstravel. The scan mirror will then be used to move the source between this paosition and pxel
[-25, 2], prodwcing athird image. Two more images exposures will be obtained by choppng badk
to pixel [-25, —&] andthen to [-25, 255]. Ancther pair will betaken at [-25, —20.5and [-25, 3],
resulting in atotal of seven images. If the observer spedfied more than ore observing cycle, the
sequencerepeds darting at position 1. After completing one or more sets of the images as gedfied
abowe, the telescope will be offset by 50.5 pxels (2') to x = 25.5,and aseriesof (Nx7) images will
be obtained at the same y paositions as for the first set. This cycle of 14images will be repeaed N
times, where the observer specifies only N, the total number of image sets required. There aetwo
small corredionsto this sSmple scenario: first isthat two extra exposures are obtained at positions 1
and 8each AOR, and secondis that exposures 1 and 8 d thefirst cycle (and afew subsequent cycles
in long AORs) are one seandshorter than the spedfied exposuretime. Taking all thisinto acourt
the total integrationtime a afunction d exposure time and number of cycles gecified is, to agood
approximation, equal to ((Nx14)+2)x(Exposure Time)-2 seconds. The two secondreduction comes
abou becaise the first second d frames 1 and 8are used for obtaining cdibration data, na science
data—impad ontotal integrationtimeis nealy negligible, however, and can largely be ignored by
observers.

On orbit performance of the pointing control system will be used to ogimize how many expasures are
obtained before performing the spacecraft (x) off set, with the constraint that in the end, helf of the
images are obtained at eadh spacecraft pointing. The observatory relative offset accuracy all ows
meaningful fractional pixel offset. In practice alignment tolerances will make the dhopmotion non
parall el to the aray columns: if the aray is misaligned by 1°, instead of going from [-25, —29.5to [
25, 21, theimage would be repastioned from [-25, —29.5to [-25.9, 4]. However, the suggested
pattern provides awell-sampled Airy disk, if nat on centers that can be determined pre-flight. The
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data provide four independent images obtained with sampling on four fractional-pixel centers, when
combined appropriately. Careful processng will be required to take full advantage of the
oversampling implicit in these images, given the trading stabili ty of the telescope. However, for
simple phaometry the images can be combined by integer shifts.

Although we haveill ustrated the operation in phdometry using the scan mirror to give multiple pairs
of pasitions, the number of pairsis aparameter that is st by the SSC to optimize dficiency. The
discusson hereill ustrates the expeded number of images per cycle, but this may change once
operations begin. Once this parameter is &, it becmes the basic unit of observation: observers do nd
speafy the number of pairsinaunit but do select the number of units as described abowe. In all

cases, though, the central technique isto define an image pair to be produced by a scan mirror chop d
dightly lessthan half the array width, andto off set succesgve pairs by asmall amourt to improve the
pixel sampling.
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Figure 8.17.- Photometry/Super Resolution with the 24 um Arr ay. The positions of
imagesin asingle g/cle of a 24um photometry observation are shown relative to the
central 64 x 64 pixels (shown schematically by the grid) of thefull 128x128 ar ay. The
circlediametersare the FWHM of the Airy disk. Thefirst set of 7images are dithered
with half-integer pixel off sets using the scan mirror, then the spacecraft is off set by a
half-integer number of pixels, and the second 7 images are acquired. Framesone and
8 o thefirst cycle of an AOR (and a few subsequent cyclesin long AORS) are one
seond shorter than the observer requested exposure time; the other 12 frames of such
cyclesaretaken with the full observer-spedfied exposure time. Not shown are 2
additional frames, taken at the positions 1 and 8, dbtained for each AOR. This sheme
isused for photometry and super-resolution observations of compact sourcesat 24 um.
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Photometry — 24 um Large Source

For larger (= 2') sources, dithering puely onthe 24 um array isnolonger desirable. Instead, the scan
mirror isused to oltain a series of images sparated by oty aminimal amourt and on falf-pixel
centers (seeFigure 8.18). The telescope is then redirected to a pasition > 5" away from the source, and
the sequence of framesis repeaed to oltain a sky image. The off set to this“sky” positionisin the
scan drection, and the observer specifies the magnitude of the offset. The nominal pattern for these
observationsisa 1x5 set of images in-scan, separated by 1.5 pxels=3.6' for each, followed bya
crossscan spaceaaft off set of 4.5 pxels (10.8') and arepeat 1x5 set of images. In this squence
frames one and six will be one secondshorter than the observer-spedfied exposure time & bath the
objed and sky pasitions, and two extra exposures will be obtained at object and sky pasitions per
AOR, similar to what happensin the cmompad source phaometry observation sequence The total
integration time per pixel in thefina imageswill be very nealy equal to (Nx10)+2)x(Expaosure
Time)-2 seonds.
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Figure 8.18.0bserving aL arge-Diameter Source at 24 um. The positions of image centers
in asingle g/cle of a 24um large-sour ce photometry observation are shown relative to the
central 64 x 64 pixels (shown schematically by the grid) of the full 128x128 ar ay. Dither
positions are at half-integer pixel offsetsin both the scan-mirr or diredion and the cross
scan direction. An identical set of observations is obtained at an observer-spedfied sky
position offset by >5' in the scan direction. Not shown are the two extra exposures that
are obtained each AOR, which are taken at positions 1 and 6.
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Photometry — 70 um Compact Source

Typica phaometry observations at 70 um will be made using the nominal 9.8" pixel scde. The
super-resolution mode & 70um will aso provide excdlent data for phaometry, bu is considerably
more expensive in terms of observing time overheal and is aso abou 4 times less ensitive. In the
normal phaometry observation d a mmpact (< 2') target, the source will be centered approximately
1' to oreside and 1 below the center of the aray, with the scan mirror near the end o itstravel. The
exad source positioning is determined by a requirement to oltain multiple images of the object on
different positions of the array, with these paositions sleded to provide optimal sampling of the Airy
disk. Defining the center of the aray is defined as [x,y] = [0,0], the image will be centered at [-6, —
9.5 in pixel coordinates. After an exposure & this position, the scan mirror will be used to dffset the
imageto [-6, 3. After an exposure here, the scan mirror will put the image & [—6, —§ and then at [—
6, 6.9. Finaly, exposures will be obtained at [-6, —2.9 and [-6, 1(Q. The sampling around the
starting position is ill ustrated in Figures 8.19and 8.20 in the first of these figures, the drcles show

/Oum, coarse scale, compact source

<> scan mirror motion
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<> S/C motion

Figure 8.19.- Photometry of a Compact Source with the 70 um Array. The position of
the target in each of the 12 frames obtained in the standard photometry observation at
70 um are shown by the drcles, which are the size of the PSF at FWHM. The antire
32x32 aray is hown with pixels represented schematically by the grid. The dither
pattern involves half-integer pixel offsetsin both directions.
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the three ©nseautive pairs of paositions for the image and their diameters are the FWHM of the Airy
disk. If the total integration time for the program requires N pairs (N must be an even multiple of 3),
then half of these pairs, N/2, shoud be obtained at the pasiti ons described above. A similar set of N/2
pairs of images dall be taken at x = 6.5 by off setting the spacecraft in cross €an. The number of pairs
that will be taken at one time in a given spacecraft pointing will be determined by the SSC based on
the performance of the pointing control system and science data needs. This will be transparent to the
observer but needs to be optimized to maximize dficiency and detedor performance. Thus, the N/2
pairs might be divided into equal sets of M pairs each (where M is amultiple of 3), and the spacecraft
would be offset to the complementary position after each M pairs had been oltained. The observer
neal ony select the number of cydes of the basic observing sequence of 6 image pairs.

These data will provide multiple independent images with sampling on naminal half-pixel centers
when appropriately combined. Note that trading instabilities will be large enough that careful
combination will be required to gain all the benefits of this sampling, athough for smple phaometry
integer pixel shifts would be adequate. Furthermore, the dignment tolerances for the aray and the

Figure 8.20.Source detections on the arr ay during the photometry in Figure 8.19.
Time runs acrossthe top row from left to right, then acrossthe seaond row from left
toright, and so forth. The observations gart with a stimulator flash, then the six scan
mirr or positions 1-6 gving six source detedions. The sequenceis completed with
another stimulator flash. The spacecraft isthen offset, thereisa stimulator flash, and
the six positions 7—12 ae observed, to be ammpleted with afinal stimulator flash.
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image rotation within the instrument are such that the scan mirror motion will not be perfectly parall el
to the wlumns of the aray. Thus, the scan mirror chop motion will placethe image between pixels
[-6, —9.5 to [-6.2, 3], for example, if the aray is rotated 1°. Nonetheless the propaosed pattern
provides a redundant level of oversampling that will be useful in extrading reliable images.
Cdlibrationis obtained by a stimulator flash before and after ead set of scan mirror paositions.

For 70um imaging of asource upto ~ 4’ in dameter, the limited motion pasble with the scan mirror
requires that the source be referenced to sky in two “halves,” asill ustrated in Figure 8.21. The scan
mirror will be put nea one end d its travel for observing with the large scde & 70 um, and the
spacecraft will be pointed to place the source 2.5 pxels below the center of the aray and 1 pxd to
one side. The scan mirror will be set to have athrow of 2', and the first pair of exposures would be
made & the starting point and 2 in-scan, then a pair would be obtained advancing the scan mirror 2.5
pixels (25") and athird pair advancing another 2.5 gxels. Next, the spacecaft would be maneuvered
2.5 pxelsin crossscan and 2 in-scan, and the scan mirror would be used to oltain ancther threepairs
of exposures. The overal strategy isill ustrated in Figure 8.21.
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Photometry — 70 um Large Source

For 70um imaging of asource upto ~ 4’ in dameter, the limited motion pcsble with the scan mirror
requires that the source be referenced to sky in two “halves,” as ill ustrated in Figure 8.21. The scan
mirror will be put nea one end d its travel for observing with the large scde & 70 um, and the
spaceraft will be pointed to place the source 2.5 [xels below the center of the aray and 1 pxel to
one side. The scan mirror will be set to have athrow of 2', and the first pair of exposures would be
made & the starting point and 2 in-scan, then a pair would be obtained advancing the scan mirror 2.5
pixels (25") and athird pair advancing another 2.5 gxels. Next, the spacecaft would be maneuvered
2.5 pxelsin crossscan and 2 in-scan, and the scan mirror would be used to oltain ancther threepairs

of exposures. The overal strategy isill ustrated in Figure 8.21.
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Figure 8.21. Photometry
of aLarge Source at
70um. Thesourceis
observed such that the
coordinates are placed
near thearray FOV
center in the pattern
shown. Spacecraft and
scan mirr or motions are
madein away to that sky
background is observed
in two halves on both
sidesof theimagein the
scan mirr or in-scan
directions.




Photometry — 160 um, Compact Source

At 160 um, the aray width is lessthan the FWHM of the Airy pattern, so a series of measures must
be made to buld upthe image of the source The necessary sequenceis ill ustrated in Figures 8.22
and 8.23. Consider a line orthogona to the long axis of the aray and through its center. The
telescopeis pointed to placethe source 48" abowve thisline and 3.5 pxels (56") in the diredion d scan
mirror travel, measured from the center of the outermost pixel column and at the extreme mirror
offset. An exposure is obtained with the scan mirror at its extreme offset. The scan mirror is offset
by 4 pixels (64") and an identical exposure is obtained. The scan mirror is returned to 16" (one pixel
width) short of the original position, an expasure obtained, the source offset to 64' + 16" = 80" and a
fourth reading obtained. This pattern can be seleded to be repeaed ntimes. Next, the sourceis offset
along the aray to a position 56 — 3.5 pxels — below the center and the scan mirror moved to place
the source 3 pixels from the aray center (at 48" off-center). A series of four exposures is taken
similarly to the initial four, bu offset by half a pixel. Again, the pattern is repeaed ntimes. The
result of the full suite of measurementsis N times two images of the source, each 8 pxels wide, and
with sky measurements equally on either side of the source in the direction d scan mirror motion
(additional sky will be obtained along the array because of itslength in this diredion). In Figure 8.24,
the two source pasitions are indicated by the drcles 1 and 2(the diameters are the FWHM of the Airy
disk. Calibration will use stimulator flashes before the sequence begins, half way through (when the
scan mirror is switched to the seaond extreme of its motion) and at the end. Finadly, if additional
integration is desired, the sequence will be repeated with the source offset by half a pixe in the

160um, compact source, basic observation

<= scan mirror motion

<> S/C motion

Figure 8.22- Positions of the Source Relativeto the 160um Array. The scan mirr or
positions 1-4result in full sampling of theimage on single pixel centers. Positions 5-8
provide a seand complete sample, offset by a half pixel in the direction of scan mirr or
motion. Theindividual pixelsare 16" and thefull length of a column is5.3.
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diredion athogonal to the scan axis, i.e., starting 54" above the ais and puting the sscondimage 40"
below the ais. The observer seleds only the number of pattern cycles; the SSC optimizes by
determining the pattern in which the images shoud be obtained.

Figure 8.23 Appearanceof the source on the arr ay. Time runsfrom left to right across
thetop row, then from left right in the middle row, then from left to right in the bottom
row. The observations gart with a stimulator flash, then detedions of the sourcein the
upper pixel row, then the lower, then the upper, then a virtual missin the lower (scan
mirr or positions 1-4). Thereisthen another stimulator flash. The spacecraft is off set,
thereisa stimulator flash, the source isnot detected (off the arr ay), then detected in the
lower row, then in the upper, then in the lower (positions 5-8), foll owed by another
stimulator flash.
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Figure 8.24- Illustration of the Observation Strategy for Photometry/Super
Resolution at 160um. For comparison with Figure 8.22,notethat thefigure is
NOT centered on the arr ay center line. Thefour positions of the arr ay projected
onto the sky are indicated by numbersat the right. Thetelescopeis positioned to
placethe source at position 1 and the scan mirr or is chopped in the direction of
the arr ow to measur e four positions around the source. Four off sets of the scan
mirr or measure thefull Airy disk of the source (the drcleisthe FWHM of the
Airy disk). Thescan mirr or isthen advanced a half pixel and thetelescope
positioned to placethe source on position 2 to repeat the g/cle. For super
resolution, the sequenceisrepeated with the telescope off set twicemore by half a
pixel in cross €an to build up 6 independent images of the source on half-pixel
centers.




Photometry — 160 um, Large Source

If the source to be measured is large, then a procedure similar to the 70 um large source oneis to be
used. Figure 8.25ill ustrates how a series of scan mirror positions and spacecraft offsets can be used
to provide full sampling over a~ 4' x 5 field. The telescope is pointed so the source is along the
array centerline. A series of measurements is obtained choppng by 2.5 to sky and dfsetting the
telescope in the scan dredion. The roles of the sky and source scan mirror paositions are then
reversed and the "other half" of the source measured. Stimulator flashes for cali bration are included at
regular intervalsin the sequence

The observation sequence begins with a stimulator flash. The scan mirror is %t to maximum throw.
An exposure is aqquired with the telescope pointed one 160 um field of view above the image
centerline in the in-scan drection. The mirror is offset and a sky exposure is taken. The telescope is
then repositioned ore 160 um pixel size distance from the starting point and ancther image pair is
taken. The next pair is taken with a spacecraft off set of three160 um pixels. After four such exposure
pairs, half the region to be observed has been fully sampled, and a stimulator flash exposure is taken.
The Observatory is then repaositioned below the image centerline and the mirror set to maximum
throw in the oppdasite diredion. The same sequence of stimulator frames, source and sky exposures,
and telescope repasitioning occurs to give afully sampled 4 x 5.3 image of the source with two 2 x
5.3 fields of sky data on ether side of the source image (see Figures 8.25a and b). For additional
integration time, the sequence will be repeaed at a slightly offset starting position.
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Figure 8.25a- Photometry of a 4x 5.3arcminute region at 160um. A first sequence of
measurements uses the scan mirr or to offset thefield by 2.5 and the spacecraft to
make smaller offsetsto provideafilled 2' x 5.3 photometry region with a similar sky
region. Compare with Figure 8.24. The spacecraft isthen maneuvered to providea
secnd set of measurements on the opposite side of the sour ce




Figures 8.2% — Thedata acquisition sequencefor the 160um lar ge sour ce option. See
also figure 8.25a.The image and sky data are acquired by a series of mirr or motions
(source to sky) and spacecraft motionsto fill i n thefield of view. The sequencegoes
from left toright and top to bottom. The current array field of view is diown in red
(or bold) and already acquired fields are shown in green (or light).
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8.2.1.3 SUPER RESOLUTION MODE

The super resolution mode of observation emphasizes taking data in a manner that provides a high
level of spatiad sampling of the Airy pattern and redundant imagng at all three wavelengths.
Simulations $ow (Bippert-Plymate, Rieke, and Paul 1992 that such oversampling enhances the
ability of computer processng to enhance the aagular resolution that is adiieved in fina data
products. The standard 24um phaometry observation described above is suitable for super resolution
because of the ~ A/2.5D pixels and highly redundant images. Such is not the case & 70 and 160um:
the nomina 70 pum pixels sze istoo large, and the 160 um observation povides only 2 images of a
source, which is inadequate for good image rewnstruction. Here we describe procedures for
obtaining good super resolution olservations in these two bands. Table 8.8 provides a summary of
thismodein all bands.

Sources up to 2 Arcminutes in Diameter: 70 um Super—Res

At 70 um, the default (coarse) pixel scde under-samples the Airy pattern, so for the highest possble
patential resolution the scan mirror will be paositioned to dired the light into the high magnificaion
arm of the optics. Because we as3ume the source being resolved is at least potentially extended, data
need to be obtained moving the source on and df the aray rather than by dithering on the aray to
obtain multiple exposures. To begin, the scan mirror is offset to ore of the ends of motion permitted
for the high resolution ogicd train. Defining the center of the aray as [0,0], the telescope is pointed
to pacethe sourceon pxd [x,y] = [-1, —2.% and an expaosure obtained. The scan mirror is moved to
the other extreme of the permitted range and a sky expasure made. Next, the scan mirror is moved to
pixel [-1, —] and an exposure obtained, followed by a sky exposure, followed by one & [-1, 0.3,
followed by sky, by one & [-1, 3, and by a sky. The telescope will then be repointed in the aoss-
scan drection, and the sequence repeated with onsource exposures at positions[0.5, —2.5; [0.5, —1;
[0.5, 0.9; and [0.5, 2]. The result of these sets of expasures is to give two independent images
sampled on talf-pixel centers. The 1.5 pxel spadang has been adoped to provide some resili ence to
dea pixels, which shoud then na remove two adjacent pieces of data. Additional data to increase
the net integration will be obtained from a dlightly different starting position to dlute further the
effects of dead pixels on the final image. The observer need only select the number of basic
observation cycles required. The SSC will optimize the procedure for obtaining them to adchieve the
best efficiency and data quality. Figure 8.26ill ustrates this mode of obtaining data.
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70um, fine scale, compact source

15
13

<> scan mirror motion

<> S/C motion

Figure 8.26- Super resolution Observations of a Compact Source at 70 um. For the
even-numbered frames, the scan mirr or isused to dbtain measurements of sky.
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Sources Up to 4 Arcminutes in Diameter: 70 pm Super—Res

With the 70 um array in high magnificaion (fine pixel scde), a5’ area ca be observed with choppng
to sky as follows. Two adjacent areas in cross-scan will be measured as described above, with the
telescope offset by 2.4 between sets of observations. The telescope boresight is then repointed by
4.8 in-scan so the scan mirror position formerly used for sky can be placed onthe source (off set by
2.4 in-scan). Ancther pair of fields is observed in crossscan, giving a total field of 5 x 5'. See
Figure 8.27.

Sources up to 2 Arcminutes in Diameter: 160 um Super—Res

The 160um pixels are nominaly small enough to provide good sampling of the PS for high-
resolution image recnstruction. However, the impad of cosmic rays and the complicated behavior of
the Ge detectors mean that integration time and PS- sub-sampling beyond what is provided by the
normal 160um phaometry mode are needed to oltain good super resolution results. Unlike for the

Scan Mirror

Array Motion
FOV

—— >

3 4 Spacecraft
Motion

Z£:> Numbers designate

apair of fields

3 4 taken by moving

the scan mirror between
two pasitions while

the S/C points sidereally

Figure 8.27- Strategy for obtaining super resolution observationsover afield of 5 x 5
arcminutes. At each pair of fields, aset of 16 exposuresis obtained similar to the
pattern illustrated in Figure 8.26.
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70pm array, there is no separate pixel scde or tailored AOT available for 160um super-resolution
observations. The recommended method for specifying such an AOR using the available 160um
pixel scde is described in sedion 8.1.3.2. Such an olservation consists of 24 individua frames that
provide 3, Z x 5.3 images, eat containing 2 images of the source, with %2 pxel sampling in bah the
scan and crossscan drection. The third image has the same aoss-scan dredion sampling of the PS-
asthefirst image, bu will be placed ondifferent pixels of the aray to provide extra protection against
unusual behavior of the Ge:Ga pixels and intra-pixel resporsivity variations.

Raster Map

The Large Field phdometry/super resolution ogion is an efficient and easy way to make an
observation d an olject that is no more than 4 arcminutes in dameter. For objeds that are somewhat
larger, bu smaller than the 30 arcminute minimum scan map size, the restricted raster map ogtion can
be used to construct amap in the MIPSbands.

The limited raster mapping options could be expanded in complexity in a phased way if the neal is
apparent. The aiurrent verson wes a smal fied dther pattern identicd to a single point
Photometry/Super Resolution olservation (same scan mirror and spacecraft off sets). After completing
observations in this fashion in a single field-of-view, the spacecraft would be offset to an adjacent
field and the pattern would be repeaed. The observer would spedfy the number of nealy-full-frame
offsetsin each o the two arthogonal coordinates of SIRTF — the in-scan drection and at right angles
to this axis. Because of its high stability, the raster option shoud return high quality 24 um results.
The performance with the 70 and 160um arrays is not yet determined, because of their long time
constant behavior.
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8.2.1.4 PHOTOMETRY AND SUPER-RES SUMMARY

Table 8.8 summarizes the expeded frames per observation cycle that will be obtained in to the MIPS
phaometry and super—esolution olserving modes, and the integration time per pixel for thase modes.

Table 8.8 Photometry and Super Resolution Summary

Frames/ Integration Time per
Mode Band Obs. Cycle* Pixel per Cycle
24 pm 14F 42,140, 420ec’
Compact Source
Photometry 70 um 12 36, 120sec
160um 8* 6, 20sec
24 um 10/ 10 30, 100, 30Gec’
L arge Source
Photometry 70 um 6/6 18, 60sec
160um 8/8" 3, 10sec
24 pm 14F 42,140,420%c
Compact Source
Super Resolution 70 um 8/8 24, 80sec
160pum 24 18, 60sec
24 um 10/ 10* 30, 100, 30Gec
Large Source Super [ o ) 32/32 24, 80sec
Resolution
160pum N/A N/A

& Two valuesindicate # of frames on-source/ off source.

* For 3 and 10semnd expaosure times (and 30seconds at 24 um) respectively. Times are per pixel
onagiven sky position. For examples sethe large source observation petterns for image
construction.

TAt 24um 2 additional frames are taken per AOR, so total integration time will be longer than
shown here by (2-x exposure time). See &so next note.

T For thefirst cyclein an observation at 24 um, exposure timeis 1 secondshaorter than shown in
thistable. See dso previous note.

¢ The 8 160um frames combine to provide a2 x >5' filled field of view containing 2 images of
the source

v The 8 160um frames combineto provide a4’ x 5' fill ed field of view containing a
single image of the source.

+ The 3 x 8 160um frames combine to provide a2’ x >5' filled field of view containing 3
X 2 images of the source sampled at sub-pixel shifts.
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8.2.1.5 SPECTRAL ENERGY DISTRIBUTION MODE

The Spedra Energy Distribution (SED) mode goplies only to the 32x32 Ge:Ga array, sinceit requires
an offset of the scan mirror that defleds light away from the opticd trains for the other arrays. This
operating mode is designed to provide more information onthe spectrum of a source than could be
obtained with the fixed filters on the two Ge:Ga arays. The SED opticd train illuminates a dlit
approximately 24 pgxels long on the aray by 2 pixels wide, with low resolution dspersion via a
reflection grating.

First, the scan mirror is used to dred light from the stimulator projector into the SED opticd train,
and a stimulator flash will cdibrate the detector array. Next, the telescope shoud be pointed to place
the image of the source on the 8" pixel (for example) from the top o the dlit, and an exposure
performed. The scan mirror will then dffset the image and another exposure will be obtained to
measure sky. M pairs of expasures will be obtained, after which the scan mirror will be offset again to
dired the beam from the stimulator projedor into the SED optics, and the stimulator will be flashed.
While the cdibration is occurring, the telescope will be offset to place the source on the 16 pixel
along the dlit. After the cdibration sequence is completed o the telescope has <ttled, whichever
takes longer, a seaond series of M exposure pairs will be obtained. A calibration wsing the stimulator
projedor will complete this series. If additional integration time is required, the sequence will be
repeded. The observer spedfies only the total number of basic observation cycles required; the SSC
optimizes the number of pairs to be taken at one spaceaaft setting before offsetting to the other, as
with the phaometry mode.

8.2.1.6 ToTAL POWER MODE

The total power mode of operation wses the scan mirror to provide an absolute chop of the signal onto
the MIPS detector arrays. This capability is important to establish the true zero level for
measurements of very extended sources sich as zodiacd emisson. Because of the three opticd trains
that feed the 70 um array, there is no paition d the scan mirror that can be guaranteed to prevent a
view of the sky through ore of these trains or ancther. To oltain the darkest reference possble, the
dit in the SED mode is made only 24 pxels long, and the remaining 25% of the array is not
illuminated when the scan mirror isin SED position. Total power measurements are obtained by
choppng the scan mirror between the default (coarse) pixel scde (center) and SED positions. The
view of the sky is aso bocked for the 160 um array with the scan mirror in the SED position.
Therefore, total power measurements can be obtained for this band by choppang between center and
SED, simultaneously with oltaining such data for the 70 um band. For the 24 um array, the view of
the sky is blocked with the scan mirror in the position for the fine scale & 70 um; choppang between
this pasition and the center is required to make total power measurements. For the germanium arrays,
it is criticd to have frequent cdibration with the stimulators. Observations would be conducted by
moving the scan mirror to the SED position, flashing the stimulators, centering the scan mirror so the
arrays view the sky, exposing for 10 seands in standard mode, then choppng the scan mirror to the
SED pasition and exposing for 10 sends in standard mode. For the standard observing sequence,
this cycle will be repeded five or more times to allow good identification and removal of anomalous
data, such as cosmic ray hits onindividual pixels. For the 24 um array, the sequence would be similar
but cdibration will be by a single stimulator flash before or after the data ae obtained. In addition,
with this array raw data frames (instead of on-board processed data & taken for the other modes) will
be sent to the groundto all ow processng of the individual data frames.
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8.2.2 Performance of the Instrument

The performance of MIPSin adua use depends on many fadors. The performance of the arays
themselves is important, but telescope and opical throughpu also play an important role. The most
important fador for observers to consider when predicting the sensitivity they will adiieve in agiven
measurement is the sky-backgroundpresent in the field o interest. Sources of backgroundflux vary
with wavelength and pasition onthe sky, and must be evaluated with care when planning observations
with MIPS The tharacter of the far infrared backgroundasit is understoodtoday is described below.
However, MIPS will detea the badkground at sensitivities and spatial scdes which have not
previously been achieved, so users houd be anservative when estimating a signal-to-noise ratio.

8.2.2.1 SOURCES OF NOISE AND CONFUSION

At 70 um zodiacd light (thermal emisson from warm dust within the solar system) and Galadic
cirrus (therma emisson from warm dust clouds in the Galaxy) dominate the badkground. Zodiaca
light is smocoth onthe scde of a MIPSframe, and deaeases by roughly a fador of 2 between sight-
lines nea the ediptic plane and towards the ediptic pde. Zodiacal emisson at a particular RA and
Dec dso varies as afunction d time due to the orbital motions of both SIRTF and the zodiacd dust.
As a rule-of-thumb, the zodiacd emisson can be expeded to change by abou 1% over a one-day
period. Galactic drrus is concentrated near the Galadic equator, and varies on many spatial scaes,
including scdes that will not be resolved by MIPS.  Structures within the drrus include wisps and
small knats, and are thus of interest for planning not only because of the badkground flux they
contribute, bu aso because they can paentialy be confused with sources of interest. The level of
cirrus varies greatly, and must be evaluated in detail (see Estimating Badkground Noise, section
8.2.2.2, lelow) for observations where high sensitivity at 70um is desired.

At 160 um Galactic emisson daminates the overal badground. However, athough the drrus
contributes ssmewhat to the anfusing structure of the badkground, this gructure is dominated by
emisgon from partially-resolved and unresolved distant galaxies. Observations that are subjed to this
badkgroundare frequently referred to as "confusion limited,” because the spatial structure resembles
the superposition d many point sources, and determining whether a particular faint source is a part of
the badkgroundor is atarget can be difficult. The structure of the badkgroundeffedively increases its
noise mntribution above what would be cdculated by simply taking the average flux contributed by
all of the sourcesin aregion. The structure cntributes directly to the variance of the badkgroundas it
would be measured by standard aperture phaometry extradion software, for example.

For observations of fixed oljeds the anfusion limit at 160 um represents a hard limit to the
sengitivity that can be adieved with MIPS The amourt of confusion nase varies ssmewhat with
pasition onthe sky, and shoud be directly evaluated (see sedion 8.2.2.2 for al observations where
sensitive 160 um measurements are desired. For moving objeds the anourt of confusion nase can
be reduced by making so-called "shadow observations." This consists of observing the object of
interest, and then re-observing the same field after the objed has moved. By subtrading the two
frames the contribution d badkgroundstructure to the noise can be removed (although to what level it
can be removed is uncertain), leaving only the usual noise @ntribution die to the phaon statistics of
the average background.

196



8.2.2.2 ESTIMATING BACKGROUND NOISE

The Infrared Procesang and Analysis Center (IPAC) hastods gedficdly designed for estimating, as
a function d position on the sky, the noise due to various badkground sources at al SIRTF
wavelengths. The tods are avallable in bah an interadive form, suitable for estimating noise for a
few fields (the IRSKY tod), and as a batch inquiry system suitable for estimating noise or a large
number of fields (the IBIS todl). These tods can be acessed viatheinternet at:
http://www.ipaccdted.edu/services/irsky.html

Currently IRSKY runs only under X-windows, bu will be available & a Java gplication in time for
the first SIRTF General Observer Call for Proposals. While the noise levels predicted from these
tods are based onprevious infrared spaceobservations at lower sensitivity and spatial resolution than
MIPSwill obtain, they are the best products avail able for making such estimates and shoud be used
for planning all observations. The only exception to thisis in regions where the infrared cirrus levels
are low. In these areas the IRSKY/IBIS predicted ndse levels may be seriously flawed because they
are based onmeasurements with inadequate sensitivity. In these low-cirrus regionsit is preferable to
use a @rrus estimate based onthe @omic hydrogen column density in the direction d the target. The
hydrogen column density is highly correlated with the drrus badgroundin regions where the drrus
badkgroundis well measured. This correlation hes been extrapolated to provide an estimate of low-
cirrus regions. The tods for estimating cirrus in this manner are dso available via the internet at
IPAC and the SSC through links under http://www.ipaccated.edu.

8.2.2.3 ESTIMATING SIGNAL-TO-NOISE RATIO

In nealy al observing circumstances the performance of MIPSwill be badground-limited. That is,
the dominant source of noise in the final measurement the brightnessof an oljed is noise cntributed
by emisson from the badkgroundrather than the noise due to the phaon statistics of the flux from the
objed itself. In the backgroundlimited case, the signal-to-noise ratio of an olservation increases
linealy with the flux from the objed, and it increases as the square-roct of the integration time:

SIN =F,, xSQRT(l;,) / F 4e

Where Foy is the energy or phaon flux from the objed per second, lime is the integration time in
sends, and Frys IS the noise equivalent flux estimated as described above and in the same units as
the objed flux. While this equation suggests that arbitrarily high signal to ndse can be adieved by
taking long enough integrations, in pradice the signal-to-noise that can be dtained is finite. The
detail s of the noise sources discussed in sedion 8.2.2.1above set alower limit on bdh the fluxes that
can be deteded, and a arrespondng upper limit on the signal-to-noise ratio that can be obtained for
sources of low to moderate brightness The S/N that can be atieved on bright sources is limited by
the reproducibility of measurements taken with the MIPS arrays. The expeded reproducibility is
roughly 4% in relative flux (i.e. S/N = 25).

8.2.2.4 SENSITIVITY

Althoughwe have just emphasized that the performance of MIPSwill depend strongy onwhere one
islooking onthe sky, paentia observers might find it useful to seethe expeded resultsin the best
sky regions. A program that requires better performance than can be obtained in these regions shoud
await the launching of alarger far infrared telescope. A program that appeas feasible relative to these
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plots houd be tested carefully against the SSC-provided toodlsto be sure that thereisno problem
with sky badkgrounds.

The most up to date plots of the expected sensitivity of MIPSas afunction d operating mode and
integrationtime in low, medium, and high badkgroundcases are avail able onthe SIRTF pulic web
site. Examples of the point source sensitivity in low-badkgroundregions are reproduced here for
convenience. Seethe SIRTF pulic web site for detail s and information on kackgroundlevels used.
Thaose web pages shoud always be mnsulted for any changes to the sensitivity estimates.

Figure 8.29Expeded sensitivity in scan map mode at 24 um. At the medium
and slow scan ratesthe dfeds of cosmic rays and increased read noise largely
off set the expected gains from increased exposure time.
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Figure 8.30Expeded
sensitivity in scan map
mode at 70 um. Seethe
text for the explanation of
the reative sensitivity at
thevarious <an rates.
Theindicated 1-sigma
confusion limit isan
optimistic prediction and
for the most favorable
areas of sky. Most
programswill be more
severely affected by
confusion than indicated.

Figure 8.31Expeded sensitivity in scan map mode at 160um. See the text
for the explanation of therelative sensitivity at thevarious <an rates. The
indicated 1-sigma confusion limit isan optimistic prediction for the most
favorable areas of sky. Most programs will be more severely affected by
confusion than indicated. Theintegration timeisfor a single sky position
as ®a by the scanned arr ay. In fast scan at 16Qum two scan legs are
required to provide afill ed map for the given integration times.
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8.2.2.5 SENSITIVITY VS. EXPOSURE TIME

The sensitivity plots iown in this edion reved anortintuiti ve dependence of sensitivity on
exposuretime. To first order one would expect the sensitivity to increase a the square-roat of the
exposuretime. Infad, the sengitivity does depend in this manner onthe total integrationtime on
source. However, the signal-to-naise ratio within asingle expasure does naot foll ow this dependence.
Thisis dueto the mmbined effeds of cosmic rays and the fact that during instrument test the read
noise in the MIPSarrays was foundto be larger for 10 seaond expasures than for 3 second exposures.

This effect is gronger for the 70 um and 160pum arrays than it isfor the 24 um array.

Because of the aumulative dfeds of increasing real ndse aad cosmic rays within individual
exposures, the point-source sensiti vity in scan map mode is approximately independent of whether the
observer choases the slow, medium, or fast scan rate. Similar effects are evident in the sensitivity
plots for phaometry mode. This does not mean that the longer integration times are not useful: the
amount of wall clock time required to oltain a particular cumulative integrationtime onasourceis
much shorter for observations utili zing the longer integration times (seesedion 8.2.2.7.

Figure 8.32.Expeded sensitivity for photometry at 24 um. These @lculations assume
observing parametersfor a compact source(i.e., onethat can always be kept on the arr ay
during the measurement).
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Figure 8.33.Expeded sensitivity for photometry at 70 um. These alculations assume
observing parametersfor a compact source(i.e., onethat can always be kept on the arr ay
during the measurement). Thisgraph isappropriate for use of the large (default) pixel
scale (5 arcminutefield of view).

Figure 8.34.Expeded sensitivity for photometry at 70 um. These alculations assume
observing parametersfor a compact source(i.e., onethat can always be kept on the arr ay
during the measurement). Thisgraph isappropriate for use of thefine pixel scale (2.6
arcminutefield of view).




Figure 8.35.Expeded sensitivity for photometry at 160um. These @lculations assume
observing parametersfor a compact source Theindicated integration timeisfor a
single position; to dotain a fully sampled image will require four positionsand hence
four timestheintegration.

8.2.2.6 SPECTRAL ENERGY DISTRIBUTION

Over most of its range, the SED mode will achieve 1-standard-deviation detedions of 15 to 20 mJy
(slightly higher at the long wavelength end) in a single 10 second exposure. This estimate does not
include overheads for spacecraft motions and stimulator flashes, nar does it alow for the multiple
expaosures required to remove the effects of cosmic ray hits. Additional information on haev to
estimate total observing time for a desired integration time is available in the MIPS portion d the
SSC puldic web pages.

8.2.2.7 SATURATION

In general it is undesirable to saturate the arays by exposing them to bright sources. When they
beamme saturated, the detedor operating equili brium is disturbed and the calibration o following
exposures might be dfeded. These isaues are particularly important with the 70 and 160um arrays
becaise the readou amplifiers can no longer maintain the detedor bias with a saturated signal.
Consequently, there will be increased crosstak to neighbaing pixels and the saturated pixel will
exhibit long time @nstant drifts that will reduceits sensitivity and shift its cdibration.

Nonetheless in some drcumstances sturation canna be asoided. The MIPS eledronics provides a
short exposure look at ead source dong with the requested long expasure, so that information can be
recmvered that would atherwise be lost due to saturated signals. These short exposures provide a
measure of source brightness within ore second of a reset, so the pradicd limit for the brightest
observable sourceis one second d integration (although the true integration onthe sourceis adually
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lessthan a second in these modes). Thus, the brightest sources that can be measured by MIPS are
indicaed in Table 8.7 in the column “Point Sourcein 1sec.” The @rredion to the brightest source
that can be measured withou saturationin an integration d N seconds is just these values divided by
(N+1), where the extra secondall ows for dead time in the data taking cycle.

Saturation can also occur on extended emisgons, as indicaed in Table 8.9. In this case, we have
tabulated the numbers for a typicd 10 second integration, since any measurement with extended
emisson will be compromised serioudly if the field is close to saturation at the end d the integration.
Again, corredionto ather integration times can be made linealy.

Table 8.9 Saturation levels

Observing Mode Point Source Extended Source
Saturationin 1sec Saturationin 10sec
24um 6.4y 500 MJy/ster
70um coarse scale 8Jy 70 MJy/ster
70um fine scale 41 Jy 360 MJy/ster
SED (@ 55, 70, Bum) 24, 64, 22Qy 430 MJy/ster (@ 60pm)
160pm 17Yy 33 MJy/ster

The genera case for observations involves a combination d extended and pant-like enisson. The
implicdions of saturation can be cwmputed by assuming a linear addition d the dfectsin Table 8.7.
For example, at 24um if the estimated backgroundis 200 MJy/ster, it uses up 4% of the dynamic
range in a 10 second integration. Withou the badkground, a source of 6.411 = 0.58 Jy would na
saturate in a 10 second integration. However, only 60% of the dynamic range is left on top d the
badkground,so the brightest measurable source in the 10 secondintegrationis 0.6x0.58= 0.35Jy.

8.2.2.8 OBSERVING TIME ESTIMATES FOR MIPS

The total amourt of time required to oltain an observation with MIPSwill generaly be significantly
longer than the on-source integration time estimated from the source brightness badkground
brightness and the sensitivity of MIPS(see Sedions 8.2.2.2 — 8.2.2)6 The amourt of overheal for
any particular observationis afunction d the integration time and the observing mode seleded. The
adual time required to complete any particular observation must be computed by using the SIRTF
Planning Observations Tod (SPOT). However, many observers will find it useful to have an
overview of the factors that contribute to the observing overheads for the purpose of planning their
programs in general terms. Such a discussonis provided here, but with the important caveat that the
observing overheads that appea in these examples might differ by as much as 20% from the values
returned by SPOT, and that the values which appear here ae not to be used to suppant the values
returned by SFOT.

Sources of Observing Time Overhead

Observing time overheads are incurred as a result of bath spacecraft and MIPSoperations constraints.
Spacecaft operations that result in overheads are primarily related to the time required for off setting,
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sewing, and settling/pointing aqquisition. As a result, programs that minimize the number of
pointings will be more dficient than those with many pointings. Some programs will be &le to get
around this limitation by using scan map mode, which is designed to survey large aea withou
incurring excessve overheads aswociated with slew and settle.  However, scan map mode has
integration-time limitations, and may not be suitable for particularly faint sources. In
phaometry/super resolution mode telescope off sets are required in order to switch between the three
MIPS bands: each such offset and settle requires roughly 40 seconds to accomplish. In addition to
slew and settle times gedfically required within a particular program, some anourt of slew time
must be included for switching between olserving programs. For the initial solicitation d SIRTF
observing programs (Legacy Science Projeds), an Observatory overhead tax of three minutes will be
levied against each AOR.

There ae two primary types of observing time overhead resulting from MIPSoperations. The first of
these has to do with the operation d the on-board calibration sources, the stimulators (or ‘stims).
The stims are employed very frequently (several times per observation cycle) for both the 70 um and
160 um arrays in order to tradk the detedor resporse caefully. This is true for al of the MIPS
observation modes. Observers have no drect control over the frequency of stim flashes.
Observations made in the 24 um band are not currently subjed to a stim-flash overhead. The second
type of overhead associated with MIPS operations involves dither motions. In phaometry mode dl
observations include dithers to pace the source of interest (or the desired panting paosition) at a
number of places onthe array. Most of the dither motion is acampli shed through the use of the scan
mirror mechanism, which moves virtually instantaneously relative to MIPS integration and readou
times. However, the dithers also involve & least one nod d the telescope in the diredion
perpendicular to the scan mirror motion dredion, and these nods carry an overhead.

Ancther aspect of MIPS operations that observers shodd be aware of is that phaometry mode
observations include built-in dithers that canna be drcumvented by observers. These required dther
patterns are designed to improve the acuracy of MIPS phaometry by pladng sources at severa
pasitions on the detedors (both 70and 160um arrays), and to provide afilled 2-D image for the 160
um array. Whil e the dithering does not result in an observing overhead per se, it does mean that the
minimum integration time on a source is a function d the product of the observer-selected expasure
time and the number of dither pasitions. For bright sources these minimum integration times might
exced the integration time required by a significant amourt. Further discusson d this can be found
in the descriptions of the various observing modesin Sedion 8.2.1.

Fractional Observing Time Overhead

Here we provide ill ustrative values that can be used for estimating the observing time required to
complete an observation given the integration time required to achieve the desired signal-to-noiseon a
source. The observing times derived here ae gproximate, and might differ from observing times
cdculated using SPOT by up to 20%. Observers are required to utili ze time estimates provided by
SROT when planning and submitting proposals.
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Table8.10Approximate Overhead Factorsfor MIPS Photometry/Super Resolution

(Small Field Option)

Exposure Time, Single-Cycle Sgg er%gl € Sleven-CycI € Sg/enr%g €

Band Integration Time Ver izl ot Ver
Fador Time Fador

3seq 24pum 48 sec 1.12 312sec 0.32

10sec 24pum 166sec 0.33 1046sec 0.09

30sec 24pum 501sec 0.11 3144sec 0.03

3seq 70pm 38sec 1.72 264sec 0.56

(default)

10sec 70um 126sec 0.75 881sec 0.30

(default)

3seq 70pm 25sec 3.67 176sec 1.92

(fine)

10sec 70pum 84 sec 2.15 587sec 1.47

(fine)

3seq 160pum 6 sec 12.99 44 sec 6.00

10sec 160um 21sec 7.40 147sec 4.70

The anount of overheal incurred in making an olservation can conveniently (if approximately) be
represented as a factor which, when multiplied by the desired integration time, gives the observing
overheal time. The total observation time (or total observation “wall clock time”) is just the
integration time plus the overhead time, and can be represented as.

Observing Time =(1 + overhead fador) * Integration Time.

In Table 8.10we tabulate the overhead factors for observations taken in phdometry/super resolution
mode for the available MIPSexpaosure times. Note that the tabulated integration times are in red time
semnds, na “MIPS seamnds” (see Section 8.1.4.). While the combination d dither patterns and
minimum exposure time result in fairly long minimum effective integration times, almost any
arbitrary integration time longer than the minimum can be obtained by combining sets of seven-cycle
observations with single-cycle observations. For most dither patterns, for cycles up to seven there is
only one spacecraft off set, with all other dithers being dore with the scan mirror. Thisis to minimize
acawmulated overhead caused by unrecessarily repeating motions that require slew and settle
overheals, while scan mirror motions do nd. For cycles above seven, the number of spacecraft
motions depends on the natural bresk pants in the sequence For the purposes of estimation d
observing times, the smple method described here will give adequate results. The SSC planning
software acworately acouns overheads associated with multiple cycles of the observing sequence.
Note that for purposes of determining whether a source will saturate the MIPSdetedors, the expasure
time matters, while for purposes of calculating signal-to-noise ratios, integration time is the
appropriate quantity to consider. Note dso that these overheal fadors are for observationsin asingle
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band: if multi ple wavelengths are desired, an additional 40 seaond overheal is incurred for off setting
the spacecraft to bring the objed into view of ead additional band.

Observing overheads for scan map mode ae somewhat more difficult to summarize than are those for
phaometry mode. Because the threeMIPSarrays view different areas of the sky, the length of a scen
leg must be somewhat longer than the length of the region being mapped. The overscan dstance
required to oltain a 3 wavelength full-coverage map is abou 20.7. Data will be obtained in the
overscan region, bu will not be co-spatial in al 3 bands, and might have somewhat larger than usual
pointing uncertainties in the first severa DCEs. The time spent covering the overscan region is
considered observing overhead; the anount of overhead depends on the scan-rate seleded by the
observer, as simmarized in Table 8.11.

Table8.110verscan Timesfor M IPS San Map

Scan Rate Overscan Time
Fast (17 /seQ 1.2min
Medium 3.2min
(6.5'/sec)

Slow (2.6’/seQ 7.9min

Expaosure times in scan-map mode ae determined by the scan rate seleded. Likewise, the integration
time on any particular point in the scan-map is aso determined by the selected scan rate, athough
deegoer integrations can be obtained by re-scanning a region and coadding the resulting maps. The
exposure and integration times for the three MIPS arrays as a function d scan rate ae detailed in
Sedion 8.2.1.1and that sedion shoud be referred to in order to estimate sensitivity as a function o
flux, and saturation fluxes as a function d scan rate. The length of time required to complete a5
wide scan legisjust the length o the leg divided by the scan rate (including the overscan distance). If
the region to be mapped is wider than 5, the map must be built up by spedfying multiple scan legs,
possbly with some overlap between those legs. Eadh time ascan leg finishes and a new scan leg is
begun, an overhead of abou 30 to 60secnds for “turnaroundtime ” (time to stop the scan and begin
set up d the new scan leg), which includes an off set and settle, isincurred. Thereis aso a 30 second
overhea incurred at the beginning of ead scan map AOR for establishing initial pointing, settling,
and keginning slew.

Additional detail s on olserving overheads and time, including examples and updited information can
be found onthe SIRTF pulic web site in the MIPSInstrument Pages (http://sirtf.cated.edu).

8.2.2.9 IMAGE QUALITY AND DISTORTION

For most applicaions, MIPS can be taken to be purely diffradion limited. The wavefront error
introduced by the instrument optics at the center wavelength of each phdometric band is listed along
with the requirements in Table 8.12. Only in the 24 um band is the wavefront distortion significant,
and the quaed value holds only near corners of the field of view; the wavefront error is sgnificantly
smaller over most of the array.

Because the MIPSopticd train is made up puely of off-axisrefledive dements, some degreeof scde
change acossthe re-imaged focal planesisinevitable. All opticd trains meet the requirement that this
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distortion shoud na exceal 10% (defined as 100x [(max scde)/ (min scde) - 1]). Most bands exceed
the requirement comfortably (see Table 8.12). Nonetheless to coadd images taken at differing places
on the aray, and for other science gplicdions, it is important to corred the datain al bands for the
image scde changes.

Nominal correction d opticd distortions will be performed in pipeline processng of the MIPSimages
and maps, and recessary data will be supgied to the observer to take out the crredions if desired
(seeData Products sction 8.3.2

Table8.12 Optical Distortion in MIPS

RM S Wavefront Distortion
Req./Performance* (Req. 10%)

24um Band 0.067/0.061 4.7%

160um Band 0.040/0.021 9.7%

70um Survey 0.040/0.022 1.9%

70pum Super 0.040/0.021 7.5%

Resolution
70um SED 0.040/0.022 4.1%
8.2.2.10 SCAN ALIGNMENT

Scan Map Mode operation requires the use of the MIPS CSMM to compensate for image motion
during SIRTF S/C continuows £an motion. The desired result is the simultaneous delivery of a
successon d stationary sky imagesto all MIPSFPAs.

Idedly the S/IC slews its view vedor along a straight line in oljed space (able to be oriented to MIPS
needs) at a onstant angular velocity. Idedly the MIPSCSMM moves at a onstant angular velocity
(to which the S/IC rate can be matched). Given an ided opticd system the full field images will

remain fixed onthe FPAsfor the duration d the integrations.

The adual instrument departs dightly from these ided conditions. There are two genera classes of
image smear due to the scan mirror motions:

A. Image smear sourcesin individual bands:
1. Departures from constant anguar velocity.
2. Changesinfield dstortion a magnificaion duing scan motion.

B. Image smea sources as aresult of amismatch between bands:

1. Anguar magnification mismatch between the sides of the instrument at the CSMM .
2. Diredion d image motion mismatch between sides of the instrument.
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Anaysis of CSMM operation duing instrument test indicaes that all of these sources of image smea
shoud lie well within the FWHM of the diffraction limited image, and for most observing modes
shoud be virtually undetectable in the observed shape of the PS. The one minor exception is in the
scan map mode & the fast scan rate where aslight elongation d the images may occur due to sources
of type B, which canna be reconciled through adjusting the spacecraft motion a the scan mirror
adion. The mismatch may become goparent in this mode because of the relatively long throw over
which the CSMM is used to freeze the image motion.

8.2.2.11 GHOST IMAGES

Refledions from filtersin front of focal plane arrays frequently cause ghost images. In the case of the
160 um band it has been possbleto tilt the bandpaessfilter far enough so that no ghosts will occur, bu
at 24 and 70um very faint, sightly out of focus ghost images do appea. The intensity of the ghost
images, measured during test of the integrated MIPSis < 0.5% of the brightnessof the primary image
at 24 um, and is 2% of the brightnessof the primary image & 70 um. The single ghost image formed
on the 70 um array is 6 pixels (in wide-FOV mode) from the primary image. Characterization o
ghosts in the 70 um narrow-FOV mode will be performed during In Orbit Chedkout (I0C). Further
detail s regarding ghost images (eg. direction d ghost image off set, dependence of offset on paition
onthe aray) will be available from the SIRTF puldic web siteif neeled.
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8.2.3 MIPS AOT Cookbook

In this section, we present information relevant to filling out Astronamicd Observing Templates
(AOTSs) for basic MIPS observations. The MIPS AOT inpus are relatively few, and designing a
typicd MIPSobservationis not complicated. However, the design of all MIPSobservations shoud be
based ona careful examination d the far-infrared properties of the particular region of the sky to be
observed, and a good undrstanding of MIPS operation, capabiliti es, and limitations. In addition, the
orientation and rotation d the SIRTF focal plane @an be afactor, as can the three hou limit of aMIPS
AOR (e.g.for large scan maps).

The Cluster Option is a way to conveniently spedfy repetitions of one or multiple observations at
several closely grouped pantings (within approximately 1 degreeof initial target). The observations
dore & each cluster position are identicd, and dore in the same pointing sequences as for a single
target AOR. The observational modes that can be spedfied urder the duster option are: MIPS
Photometry and Super Resolution, SED, and Total Power.

Observations of moving targets can be made in a w-moving frame in for al MIPSAQOTS, including
Scan Map.

For al AOTSs the number of cydes seledion is the number of times to exeaute the basic observing
sequence or full map sequence & described in Sedion 8.2.1.Observers are reminded that in
phaometry/super-resolution mode MIPS aways takes multiple, dithered frames, each with the
spedfied exposure time. Because of this, the total expasure time that can be spedfied by the user isan
integer multi ple of the single frame exposure time, and the number of dither positions imposed onall
phaometry AORs; the total on-source integration time is quantized as a result. The number of cydes
seledion cetermines how many of these integration-time quanta will be obtained. Likewise, on-
source integration time is quantized in scan-map mode, depending on the seleded scan rate, and
seleding more than one scan cycle will build up integration time in multiples of that single-cycle
integrationtime.

Because of noise improvements relating to characteristics of the stressed Ge:Ga 160um detedors,
when a 10 second exposure time is sleded, the 160 um detectors will be reset twice within the
exposure interval. This effedively results in two exposures at 160 um before dithering when using
the 10 second exposure option. The implementation cetail s of this mode remain uncertain as of this
writing, and small changes in eff ective integration times tabulated elsewhere in this chapter might be
required. The 160 um sengitivities for 10 second expasures include the multiple resets, so noimpad
to observation danning is expeded to arise from the implementation cetail s.
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8.2.3.1 EXAMPLE: PHOTOMETRY AOT

Asaime aphaometry observation in the threeMIPSbands will be made to determine the far-infrared
colors of a point source, or one that is only dlightly extended (< 2 at 24 and 70um, < 1' at 160um),
such as a drcumstell ar disk source. From the observer-predicted flux estimate for the threebands and
the MIPS sensitivity charts, it is determined that 200 seaonds of on-source integration time is needed
a 24 um, and 100seconds is required at 70 and 160um. This will require two cycles of the basic
dither pattern at 24 um (316 seconds total on-source integration time for the 10 second exposure
time), ore dither-pattern cycle & 70 um at the default pixel scde (120 seands on-source d the 10
second exposure time), and five dither-pattern cycles at 160 um (giving 100 seconds integration for
the 10 second exposure time). Figure 8.36 shows an example of the AOT front-end for specifying this
observation in the MIPS Fhatometry/Super Resolution sedion d the SIRTF Planning Observations
Tod (SFOT).

Figure 8.37SPOT AOT front end showing the settings for defining asuper
resolution observation at 24 um and 70 um. In order to dbtain the proper
sampling a 160um, the“Set Map” checkbox for 160um must be activated.
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Figure 8.36 SPOT AOT front —end showing the inputsrequired to spedfy the
basic photometry observation in 3 colors of a point-like source.

The Phatometry/Super Resolution cycle number limit (20 cycles) might, in some cases, be reached
before the maximum AOR time is reated. For such observations, it is recommended that the
observer repasitionthe objed or field onthe aray. This can be most easily accompli shed with Cluster
Option dfsets, or by doing small raster maps.

8.2.3.2 EXAMPLE: SUPER RESOLUTION AOT

Super Resolution requires a somewhat different observing strategy from norma phaometry
observations. The 24 um pixel sampling provides proper sampling of the PS- using the standard
phaometry dither sequence, so no modificaions are necessary. For super-resolution at 70 um, the
fine pixel scde must be seleded, while & 160 um, a 3x1 raster map shoud be selected, (see Figure
8.38 using 1/8" array stepping in the cross san dredion, to provide the needed pixel sampling.

If, for example, the observer estimates that 600 seaonds of on source integration time in 10 second
exposures is required at 70 um in the fine scale, then at least eight cycles of the standard fine scale
observing sequence will be required. If, as above, 160seconds is required at 160 um, three cycles of
the standard sequence @ 10 seoond exposure times will provide &ou 180 sewmnds per pixel
integration time in the 3x1 map sequence
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In Figures 8.37and 8.38,example SFOT inpus are shown that will obtain Super Resolution sampling
in the threeMIPSbands.

Figure 8.38The 160um raster map definition dialogue box, showing the
settingsrequired to dotain a super-resolution observation by settingup a 3by 1
raster map.

8.2.3.3 EXAMPLE: LARGE FIELD PHOTOMETRY AND RASTER MAPPING

Suppacse you wish to image aface-on spiral galaxy that is abou 3.5 arcminutes in dameter, and there
isfairly uniform sky aroundit. The standard phdometry dither patterns are designed to image sources
less than abou 2' in size. The “large field” patterns are suitable for sources less than abou 4
arcminutes in size. The large field dther patterns (described in Sedion 8.2.) assemble images
centered on the source @ordinates and aaqquire badkground dita nea the source in the “in-scan”
diredion. For 24 um, the background dita ae acquired with a telescope slew to an observer defined
distance from the source At 70 and 160um, the sky data ae acquired through scan mirror motions.

Figure 8.39SPOT large-source AOT dialogue box showing the settings that
would be seleded for imaging the ~3a cmin diameter galaxy of thisexample.
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Spedfying a large field source is no dfferent from standard pant source phaometry, except that a
badground chop dstance for 24 um needs to be specified (300" is the default), and the large field
option seleded. See Sedion 8.2.1for how the data will be aquired. Figure 8.39 shows an example
large field specificaionfor agalaxy like that in Figure 8.25b.

For regions with complex badkground, @ sources larger than abou 4 arcminutes, the phaometry
raster map ogion can be seleded. Thisoptionis only avail able with the small field dither patterns and
the default 70 um pixel scde (10"). Stepping is done in array coordinates only, in the aossscan
diredion and the in-scan drection. Stepsin the in-scan drection at 160 um are defined in fradions of
that detedor’s effedive field of view (2° x 5'), which is filled through multiple steps of the scan

Figure 8.40Sample input window for a simple raster map at 24 um.

mirror. All other step sizes are defined as fradional array size steps. Because the small field dither
patterns move the pointed pasition ower a relatively large aeaof the arays, a MIPSraster map will
have large overlaps of expasures. This overlap is required for proper frame-to-frame cdibration o
these far-infrared Ge:Ga images, especialy when complex badground structures are present in the
images. Examples of the inpus for asimple raster map are shown in Figure 8.40.

There is no simple formula for determining whether a large region d sky can be observed more
efficiently using a raster map or a scan map. Scanning is very efficient for covering large regions on
the sky in al three MIPS bands, bu does nat integrate espedally deeply. For deep olservations of
regions 4' to 10 in size, it will typicdly be more efficient to use the raster option. The observer
shoudd compare the times required by example inpus to SPOT in order to determine the most
efficient observing mode. Other considerations sioud aso be taken into accourt, such as data quality,
depth, and full coverage at 160 um.

8.2.3.4 EXAMPLE: 4 ScAN MaP AOTSs

MIPS scan mapping is useful for efficiently imaging large aeas of sky in al three MIPSbands. As
discussed below, the design d a MIPSscan map will be influenced by several fadors; the larger the
scan map, the more stringent the anstraints resulting from these fadors will be. The primary fadors
to consider are: 1) required integration time (i.e., scan rate), 2) scan leg size, and 3) scan leg
orientation. The basic inpus for aMIPSscan map (scan rate, scan leg length, and scan leg offset, each
seleded from a list in the Scan Map AOT front-end), directly addresstwo o these. The scan leg
offsets in the dossscan dredion determine the anount of overlap between scan legs, and can be
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different for a change from the initial, forward scan dredion, than for a dhange from the reverse to
the forward direction.

The orientation d the scan legs on the sky needs to be taken into acourt in designing the map.
Obvioudly, orientationwill be aconsideration for covering the desired map area However, orientation
can become acomplicaed design issue for large maps because of limitations on SIRTF pointing and
roll angle, and because there is a three-hour limit on the duration d a single MIPS AOR (longer
observations must be submitted as a series of AORs). The orientation d the SIRTF foca planeis a
function o ediptic latitude andtime of year. If ascan map is broken up,the observer must take steps
to insure that the timing of exeaution d the component scan maps is such that adequate overlap
between thase comporent mapsisadiieved. Thisisnaot asignificant problem for fields lying nea the
ediptic plane, as the focd plane does naot rotate very much in that region d the sky. For fields at high
ediptic latitude the focal plane orientation changes appreciably over a period of a few days, so large
scan maps in that region must be carefully designed so that there ae no urwanted wedges of un-
observed sky between the comporent maps. On the other hand, maps at high latitude can be spedfied
with an arbitrary orientation by spedfying the time & which the observations are to be obtained. This
flexibility is nat avail able for low-latitude maps, where map legs will al run realy north-south.

Multiple AORs requiring similar orientation can be chained, or constrained to be dore dose in time.
The observer is advised that specifying very tight constraints will limit t he schedulabili ty of the AOR.
A large map constructed ou of small, square submaps that can be pieced together with acceptable
overlap and noconstraints will be the most straight-forward to construct and suffer the least chance of
scheduling difficulties.

Definitions: A "scan leg" is defined to bein ore diredion ony. An "up and badk" scan is made of two
scan legs. The scan leg length asinpu to SPOT is the “full coverage” length in al threeMIPSbands.
The adua distance over which a scan is made is approximately 21 arcminutes longer than the full
coverage scan length. This “overscan” areadoes nat provide w-spatial coverage in al three bands,
but otherwise overscan data will be of the same quality as in the rest of the scan map. The target
coordinates are defined to be the map center locaion. The duster option is not available for MIPS
scan mapping.
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Fast reset option: There will be observations for which the backgroundat 160 um could saturate the
detedors even at the fast scan rate, while the 70 micron backgroundwill not limit the observationin
this way. For this reason, an option has been provided, for the fast scan rate only, to reset the 160
micron cetedorstwice arapidly asthe 70 micron detedors — gving an effedive exposure time of 1.5

Figure 8.41 SROT AOT front-end for 1° x 1° medium scan-rate map. This AOR
design orly provides sngle sampling at each pant at 16Qum.

seoonds at 160 um and 3sewnds at 70 um. This option shoud only be used when required for high
badkgroundregions. Calibration performance of this mode a 160 um will nat be firmly establi shed
until i n-fli ght tests can be made, andis unlikely to be & goodas the normal-reset performance
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“160 micron required” check box: Because of SIRTF's neeal for adive woadling of the telescope
primary mirror and single instrument operations, there will be (known) times when the telescope is
warmer than 5.5K, thereby limiti ng 160 um performance Under normal operations the tel escope will
always be maintained at 5.5 K during MIPS campaigns, and high quality 160 um data will be
obtained. For observations that happen to be scheduled immediately at an instrument changeover, this
level of performance canna be asaured withou alowing extra time for coodown. For the vast
majority of SIRTF observations, maximally high quality 160 um data will be obtained whether this
box is chedked o not. Chedk this box if your observation requires ultimate performance & 160 pm.
For observations requiring specialized scheduling or strong constraints, this might negatively impad
scheduling of the observation. If the box is not chedked, high quality 160 um data shoud be

Figure 8.42The SPOT AOT front-end for the 1° x 0.5 fast scan-rate map with
full coverage at 160 um provided by the small cross-scan step for return legs.
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considered serendipitous, though usually the 160 um data quality will be just as goodasiif the 160 um
chedkbox is €leded.

Examples of simple maps: Figure 8.41shows the SPOT configuration for a basic medium scan rate, 1°
X 1° map, with 302" crossscan steps. The total time required to oltain this map is very nearly 3
hous, so orly one map cycle can be dore per AOR. For this configuration, the 160 um scans will
have no owerlap or data redundancy. It is therefore recommended, for good quality 160 um data, that
this AOR be repeated at least once Inherent multi ple redundancy at 24 and 70um removes that need

if only these bands are of interest. However, detedion d asteroids in these data will require & least a
secondmap oltained at alater time.

Figure 8.43 SPOT AOT front-end for the 5° x 5 scan map which isrescanned 8
timesto gve goad coverage at 160 um.
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Figure 8.42 shows the SPOT inpus to define al® x 0.5° map using the fast rate. The 160 um data

Figure 8.44SPOT AOT front-end for thelarge 2° x 2° scan map broken up into

smaller, 0.5 x 0.5 submapsto ease scheduling constraints and to meet the 3-
hour maximum time allotment for a MIPS AOR.

will contain coverage gaps (see Section 8.2.), bu this AOR design fill s the gaps because the small
crossscan step for the return legs of the map brings the secondleg back along nearly the same path. A

full pixel sized dfset is made aitomaticdly to achieve afully sampled scan path. The minimum scan
leg length for the fast rateis 1 degree
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Example of a narrow, multi-scan strip: A scan map might provide avery effective and efficient way
of aaquiring multi-band data on along, narrow strip of sky. An example might be repeaedly scanning
in anarrow strip to buld upthe desired integration time. An example of a scan strip 5° long rescanned
8 times is diown in Figure 8.43. This particular map design will fully sample the 160 um field four
times. A small cross €£an dff set is made for enhanced sampling and protedion against bad pixels.

Example of a large map that requires multiple AORs. Suppce amap o a square 2° x 2° field is
desired. A total integration time of abou 160 seconds per point is needed at 24 and 70um, and 16
seoonds per point will give goodresults at 160 um. These integration time needs can be met by amap
constructed out of segments dore & the medium scan rate and repeaed 4 times. How the map shoud
best be anstructed and grouped will dependin part on the ediptic latitude of the region as discussed
abowe. For this example, we use only small map owerlaps. As such, it is assumed that the rotation ower
time is minimal, small gaps in the mapped region caused by rotation d the FOV are acceptable, or
filling in of the gaps by a second map groupng can be dore without lossof science. If we assume the
latter is the cae, then the entire region could be mapped in ore groupng of AORs that have aloose
time interval constraint, and then remapped with anather groupng of AORs with a similar, bu later
loose time interval constraint. It is also important to kegp in mind that the overscan region d each
submap, while not providing full coverage in al threebands, will significantly overlap with adjacent
map regions in the in-scan dredion. We will ignore that in this example, bu note that this will

provide some data in the “gap” regions, partidly filling them in, leaving only possble gaps in the
cross €an dredion.

We will make the initial map from a group d sixteen 0.5 x 0.5° medium scan rate AORs with 302
cross €an steps (giving 6 haf degree scan legs required) and two map cycles. Map-center
coordinates for each submap AOR will be placed 0.5 apart, or somewhat less depending on edge
overlap requirements. A loose time interval groupng constraint will be requested to insure dl the map
segment AORs will be dore & roughly the same FOV orientation, instead of fully randam orientation.
A seond group of sixteen AORs like the first, bu grouped for a somewhat different time interval,
will be aeded to dothe second mapping of the same region at a dlightly different FOV orientation
overadl. If additional integration time is needed, more groupings could be made. This tedhnique of
remapping of aregion at alater time will provide agood means of deteding asteroids in the data, and
will provide better results at 160 um by adding redundancy to the data. An example of one of the 0.5°
x 0.5° submap AORsis siown in Figure 8.44.

8.2.3.5 SPECTRAL ENERGY DISTRIBUTION

Full examples utilizing this observing mode will be incorporated into future versions of the
Observer's Manual. The observing sequence for MIPS ED will be simple and straight-forward to
define. A seledion for the size of the CSMM chop dstance for badkground measurements and
exposure time will be available. A simple raster map option like that for Phaotometry/Super Resolution
will be available aswell.

8.2.3.6 ToTAL POWER MODE

Full examples utilizing this observing mode will be incorporated into future versions of the
Observer's Manual. A default observing sequence will be available. The basic Total Power Mode
(TPM) SROT inpus for eath band seleded will be exposure time and the number of sky/dark
sequences.
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8.3 Data

8.3.1 Data Calibration

8.3.1.1 PHOTOMETRIC ACCURACY

The ultimate asolute acuracy of the phaometry that can be derived from MIPSdata is expeded to
be 4%. Data obtained duing instrument test confirm that this level of acaracy (which is much better
than has been achieved with data from previous far-infrared olservatories) will be possble. The
relative acauracy of the data from MIPSis expeded to reat an utimate accuracy better than 4%.
However, olservers sioud exped theinitia relative and absolute accuracy to be @ou 10% and 20%
to 30% respedively, with considerable improvement expeded by the end d the first year. All
archived MIPS data will periodicdly be reprocessd as sgnificant changes in the cdibration are
determined and implemented. The 160 um data will offer the gredest challenges to the pipeline
cdibration pocess andit is possble that those data will not provide such a degree of accuracy for a
considerable period d time after In Orbit Chedkout.

8.3.1.2 WAVELENGTH CALIBRATION

The spedra resolution and wavelength coverage of SED mode were cdibrated duing instrument
aaeptance testing using observations of a blackbody source with and withou an intervening
bandpassfilter. The resulting cdibrationis believed to be accurate to better than 3% in resolution and
absolute wavelength. While aljustments of the calibration are possble dter In Orbit Chedkout and
onan orgoing basis, SED data frames will be rectified such that all columnsin aFITS frame have the
same wavelength, and header fields for cdculating the wavelengths will be suppied with the data.

8.3.1.3 SCIENCE OBSERVATION CALIBRATION PROCEDURES

As described in section 8.1.3.5the internal calibration sources, or stimulators, play an al-important
role in cdibrating the MIPSdata. The stimulators are used as relative cdibrators, tracking driftsin
the resporsivity of the detectors. The brightnessof the stimulators is tied to periodic observations of
well-cdibrated cdestial standards. At a minimum, the céestial standards will be observed at the start
and end d each MIPScampaign using the standard Phatometry AOT.

The fundamental MIPSflux cdibration will be against normal stars (sedion 8.1.3.%. Except for the
occasional dedicaed cdibration AOR of cdestial standards, an individual science AOR does not
depend onany other science AORs for obtaining cdibration. Each MIPSAOR isinternally cdibrated.
Because of the use of the stimulators as relative cdibration sources, this methodis robust and stable
over an instrument campaign. This relative cdibration method aso alows the varying instrument
resporse to be frequently referred to the signals from the celestial standards. For the Ge:Ga arays the
stimulators will be flashed approximately every 2 minutes or less as an integral part of the basic
observation sequences. Because of the inherent longer term stability of the Si: As array, that detedor
utili zes much lessfrequent stimulator flashes. The frequency of stimulator flashes is predetermined by
the SSC, and canna be seleded by the individual observer.

Detedor dark current measurements are made for each array individually by positioning the scan
mirror such that the array views only the interior of the @ld instrument. The opticd layout of MIPS
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is such that only one aray at a time can be mmpletely hidden from light entering through the
telescope. In fad, only abou two thirds of the 70 um array can be placal in the dark at once, so for
that array the dark current measurement is made in two. Dark current measurements are expeded to
only be required at the beginning and end o each MIPScampaign. To avoid any scattered light from
neaby very bright sources affeding the measurement, the telescope will be pointed toward a region
known to be free of such sources during the dark current measurement sequence

Flat fielding of the Ge:Ga detedor arrays will be adieved by using cdibrated stimulator ill umination
patterns. The stimulators are cdibrated using a flat field matrix determined from “uniform” sky
measurements at the start and end of instrument campaigns. The detail s of how the on-sky flat field
measurements are to be implemented will be determined during Observatory In Orbit Chedout. The
spedfics of the flat field procedure will take advantage of fundamental MIPS observation techniques
to oltain the highest quality flat field data possble (median combine of multiple scan map legs with
source rejedion, for example). Standard astronamical observation padices will be used in
determining the flat field resporse of the arays and in the processng of the data.

Anneding of the Ge:Ga arrays will be dore every three hous to remove accumulated resporsivity
changes induced by cosmic rays. The Si:As focd plane array will be anneded orce per MIPS
campaign, a once per week whichever is orter.

8.3.1.4 OBSERVING CAMPAIGN CALIBRATION PROCEDURES

Sets of basic data for determining the asolute cdibration d the detedors will be obtained at the
beginning and end d each MIPSinstrument campaign. Various types of well-studied astronamicd
sources will be observed for this purpose (see sedion 8.1.3.9. It is expeded that these observations
will nat nead to be taken more frequently because of the stabili ty of the stimulator output over time,
and the exhaustive use of stimulator flashes built-in to all MIPSobserving templates. Changes to and
ordering of these Start-up and Shut-down sequences will be made & needed based oninformation
gathered during In Orbit Chedkout of the instrument and the Observatory. To keegp the Observatory
observation efficiency at a maximum, “unrecessary” calibration data aquisition will be avoided.

Sart-up sequence:

If not already onfor IRS, switch onthe Combined Electronics and aher MIPSeledronics
requiring spedfic turn-on commanding.

After the required warm-up time (0.5 haur), proceed with routine cdi bration measurements.
Obtain Ge:Ga detedor bias cdibration olservations

Slew to MIPS"dark sky” region.

Thermal anned all detector arrays.

Acquire dark current data frames for al arrays.

Slew to MIPS“flat sky” and aayuire flat field frames using Scan AOT to provide average uniform
illumination

Acquireflat field projector and stimulator data for the flat field matrix.

Slew to Observatory crosscalibration flux standard(s) for 24 um. Observe using the Photometry
AOT.

Slew to MIPS24 um flux standard(s) (if different from above) and olserve using the Phatometry
AOT.

Slew to MIPS70 um flux standard(s) and olserve using the Phatometry AOT.
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Slew to MIPS160um flux standard(s) and olserve using the Photometry AOT.
Proceal with science observations as planned for the instrument campaign.

Shu-down Sequence:

End science observations at the scheduled time.

Slew to MIPS*dark sky” region.

Thermal anned all detector arrays.

Acquire dark current data frames for al arrays.

Slew to Observatory crosscdibration flux standard(s) for 24 um. Observe using the Photometry
AOT.

Slew to MIPS24 um flux standard(s) and olserve using the Photometry AOT

Slew to MIPS70 um flux standard(s) and olserve using the Phatometry AOT

Slew to MIPS160um flux standard(s) and olserve using the Photometry AOT

Obtain Ge:Ga detedor bias cdibration olservations

If not required by IRS, switch off the Combined Eledronics and aher MIPSeledronics requiring
spedfic turn-off commanding.
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8.3.2 MIPS Data Products

The nature of the SSC pipeline data processng of MIPS data and the resultant data products are
described here and in the following sedion. As analysis of test data from the flight and flight spare
arrays and the instrument proceeds, there might be revisions to the detail s of this description. But,
such revisions are expeded to be minor in scope. This description applies to data obtained and
procesed within at least the first year of the SIRTF misson, and so applies primarily to Legacy
Science and Guaranteed Time observations. Any significant evolution d the information provided
here and in the following sedion will be documented on the SIRTF Public Website & it becomes
avail able. In order to fully understand and assessthe dharacteristics of MIPSdata, the data processng
cgpabiliti es, and limitations for the Ge:Ga data in particular, it is important for the observer to
caefully examine and undrstand the phaocondctor detedor behavior (Section 8.1.3.3, cdibration
strategy (Sedion 8.1.3.5and 8.31), data aquisition methods (Sedion 8.2, and hav these relate to
ead aher.

MIPSdatawill be delivered to olservers as FITS image format files. Because of the mmplexity and
redundant nature of the MIPS AORs, three distinct types of data will be generated by SSC pipeline
processng.

Basic Calibrated Data products (BCDs) for MIPSare data derived from a single data @ll ection event
(aDCE, or asingle frame expasure). The Basic Cdlibrated Data ae planned to be the most reliable
product achievable by automated processng. Some refinement in processng, especialy for the Ge:Ga
deteaors, will li kely occur during the early part of the SIRTF misson. BCDs for al AOTswill bein
the form of images, except that SED will be provided as dispersion corrected and cdibrated two-
dimensional spedra images. BCD images will have had the effects of cosmic ray impads
determined and correded. The total integration time for the individual BCD frames is the observer-
spedfied exposure time (i.e. 3, 10,0r 30 sends), na the total integration time acamulated duing
the multiple on-source expaosures that result from an AOR. No backgroundor sky subtradion will
have been made. BCD products will be composed o single frame FITS image files and a full set of
header information keywords, including standard FITS Field of View distortion, epoch, ppeline and
cdibration version. The BCD products will be cdibrated in Jy/arcsecond® (MJy/ster for Total Power
Mode data).

Browse Quality Data products (BQD) are derived from a full AOR (e.g., a map or a dithered
phaometry observation). These data ae the result of combining single Basic Calibrated Data frames
to produce an averaged and registered single image suitable for phaometric measurements, or a
registered mosaic of a scan map o raster map data, with first order removal of seams between the
comporent images. MIPSBrowse Quality Datawill be cdibrated in Jansky/arcsecond? (MJy/ster for
Total Power Mode data) and wavelength (when appropriate). The BQD products will be delivered to
the observer in the form of asingle FITS image file per AOR, and will i nclude afull compliment of
header keywords.

The Raw Data products are the unprocessed array images (in ungocessed courts per pixel). These
FITS image files will alow the observer dired accessto the data, but will still contain the difficult to
cdibrate detedor behavior inherent to Ge:Ga detector techndogy for the 70 um and 160um frames.
No cosmic ray removal will have been performed.

Additional MIPS pipeline products derived from the BQD will include alist of extraded padnt
sources. The list will include & least positions within the uncertainties of the spaceaaft pointing
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system and array geometry knowledge (Section 8.3.3, flux density (aperture and profile), signal-to-
noise ratio, and asociated urcertainties. For data aguired within an observation request (AOR), alist
of “band-merged” point sources (at 24, 70and 160um) will also be provided as available. This list
will i nclude & least the refined pasitions, flux density (aperture and profile), signal-to-noise ratio, and
asociated urcertainties. For bands with no detedion, a statisticdly meaningful flux upper limit will
be estimated from the underlying data frames (when they exist). Potential moving objeds within an
observation request (AOR) will be flagged. No attempt at extended source extradionwill be made.

8.3.2.1 CALIBRATED DATA UNITS

The basic calibrated data (BCD) product, which is the primary data returned to olservers after
pipeline processng, consists of individual frames where the pixel values are in unts of Jansky /
arcsecond. Jansky is aflux density unit defined as:

1Jansky =1Jy =10 W m’ Hz'=F,

The mnwersion between Jansky and flux density in W m™ per unit wavelength is accompli shed via

F, x 10°xc/ A =F,

where the wavelength hin-width is edfied in the same length untsas A andc. For example, if cis
taken as 3x10“ microns $" and A is Pedfied in microns, the éove eyuation results in F, being in
units of W m”® micron’.

8.3.3 MIPS Data Processing

Basic Calibrated Data images will be accompanied by ancillary data planes in FITS files or as
extensions to the two dmensional image data. These will i nclude, bu are not limited to: tracedle
uncertainties per pixel (an error image), cdibration and ppeline reduction pedigree per pixel, and
appropriate flux conversion fadors. Production d the Basic Calibrated Data will i nclude removal of
eledronic signatures (as applicable) such as a “droop” corredion in the 24 um array data (see also,
Chapter 7), dark current subtraction, nonlineaity of sample ramp slopes (Ge:Ga), a robust fitting of
ramp slopes to determine total counts per seoond (Ge:Ga), and the flagging and removal of single or
multi ple cosmic ray hits using robust Baysian techniques for the fully sampled Ge:Ga expasure ramps
sent to the ground.When passble, corrected ramp slopes will be aljusted and spliced as required. The
inherent redundancy of the MIPSdata aquisition adds additional compensation for cosmic ray eff ects
in the combined data. Bad pixels will be identified and masked as appropriate. For a uniform diffuse
badkground, the pixels in a BCD image will report equal values (within nase statistics; ak.a flat
fielding of the arayswill be preformed). Theflat field of the Ge:Ga aray data will be determined and
maintained temporaly for the Ge:Ga arays as described in Sedion 8.1.3.5A first order corredion
for saturation duing an exposure will be made. The degree to which saturation can be crrected
beames limited for bright sources that saturate the detectors early in the exposure. Correction d raw
courts to flux density per pixel will be dore based on the detector behavior described elsewhere in
this chapter (Sedion 8.1.3.%. The flow, or order of processng steps will be refined as additional

224



analysis of laboratory test data and In Orbit Chedkout data ae obtained, as will the details of the
processng algorithms.

The Browse Quality Data products are planned to alow a high level of scientific analysis withou
further processng. However, whether this product is aufficient for a particular program will depend
upon the spedfic scientific neals of that program. For example, the SSC MIPS pipeline will not
provide the type of refined data processng neeled to achieve “super resolution” imaging that can be
achieved with the available MIPSdata a@uisition modes. Observers requiring this type of processng
in the cmbining of BCD images will need to apply standard techniques, or develop rew ones as
required by the demands of the data and/or the science goals.

The MIPS Browse Quality Data ae derived per observation request (AOR), and cbes nat extend to
multiple AORs in an Observer’s program. It is compased of FITS image fil es of size MxN as defined
by the spedfic observation a map, that are the result of optimally mapping the constituent frames
into the Browse Quality Data frame with minimal lossin resolution. The painting offsets used in
mapping of individual frames into the Browse Quality Data will be derived from an optimal offset
estimation method, e.g., pant source etradion. If insufficient point sources are avail able, then the
data will be digned using spaceaaft and CSMM painting knowledge only. Individua frames will be
adjusted such that the overlap regions will be statisticdly similar, within the limitations of the large-
scde background and slow resporse dharaderistics of the Ge:Ga detectors. This implies that some
edges might be visible for certain types of varying badgrounds. This likely will espedally be true for
adjacent legs of a scan map owver aregion with significant and varying badkground.The dsolute level
to which edge effects and scan leg baseline off sets will be removed in the BQD will nat be known
with certainty until data can be taken in flight on adua sky badkgrounds. For observers requiring
very uniform maps of extended source regions, there shoud be some epedation d additional
required data processng to corred for edge dfeds and scan leg baseli ne off sets in the Ge:Ga data of a
scan map. Such effects will be minimized in the other MIPS observing modes. The zodiacd
badkgrounds will be maintained orly within an individual observation (AOR).

Observers who wish to produce maps of areas larger than can be imaged in asingle AOR will haveto
merge individual BQD frames themselves in order to oltain the cmbined dataset. Charaderizable
Ge:Ga long-term detedor behavior will be included as part of the Browse Quality Data processng.
No badkgroundor sky subtradion will be made & part of the BQD processng. Ancill ary data images
similar to those included with Basic Calibrated Data will also be provided with the Browse Quality
Data

Cdlibration urcertainties from the SSC MIPSdata pipelines will deaease with time and are expeded
to med the full cgpabiliti es of the instrument (Section 1.3.1.3 and the Observatory. For planning
purposes, it is of value to olservers to understand the initial level of uncertainty expeded in the data
processng from a cdibration standpant. Early in the misson, the pipeline expedations (which
include expeded initial flat field urcertainties) are a foll ows:

* 10% relative point source alibrationwithin same AOR and from AOR to AOR.

» Emisgon structures extending over several array sizes (applies primarily to scan mapping),
andthat fall within asingle scan leg, will be preserved to abou 10% of relative cdibration.

* Absolute cdibrationwill evolve towards lower uncertainty with time. Theinitia absolute
cdibration shoud na be expeded to be better than 20% to 30%.

This level of MIPS pipeline performance is contingent on proper observation design (one that takes
full advantage of the standard MIPS calibration), and a suitable target seledion. Suitable target
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seledion includes an assessment on the impad of the general badkgroundto be observed during the
observation, the MIPS saturation limits, and any bright sources that come within the MIPSfields of
view.

Pointing uncertainties will im prove with time & well. Immediately following In Orbit Chedout of
the Observatory absolute painting knowledge of the focal plane array pixel centers based on the
Pointing Control System (current expedations) will be & least or better than:

o 24umwill be dou 1.4", 10 radial
e 70umwill be dou 1.7", 10 radial
e 160umwill be dou 3.9, 10 radid

From the science data frames themselves, refined panting knowledge of sources must be based on
centroiding of objeds visible in aMIPSimage. The uncertainties will depend onthe signal-to-noise
ratio of those source detedions and the related urcertainty in the centroids, and onthe accuracy of
prior knowledge of the positions of some or al of the sources. Uncertainty in relative paositions
between sources (source offsets) can be much lower than those as<ciated with absolute pointing
knowledge, for detedions that can suppart this type of analysis.

As al types of cdibration improve, the achive data will be processed to refled the evolution.
Observers propasing for observations very ealy in the SIRTF misson read to consider this type of
cdibration evolution while planning their data processng and analysis needs. However, al SIRTF
data will ultimately recave the best avail able processng and cdibration from the pipelines, and the
MIPSdata archive will have uniform uncertainties.
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